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SIMULT.\NEOUS DETECTION, ffiENTinCkTlON AND DIFFERENTIATION OF 
EUBACTERLAL TAXA USING A HYBRIDIZATION .ASSAY 



The present invention reiatcs to nucieic acid probes derived from the spacer region 
between the 16S and 23S ribosomal ribonucleic acid (rRNAj genes, to be used for the 

5 specirlc detection of eubacierial organisms in . a biological sample by a hybridization 
procedure, as well as to nucleic acid primers to be used for the amplification of said spacer 
region of eubacterial organisms in a biological sample. Tne present invention also relates to 
new spacer region sequences from which said probes or primers may be derived. 

Since the advent of the polymerase chain reaction and some other nucleic acid 

10 amplirlcation techniques the impact of DNA-probe technoiogy in tlie diagnosis of micro- 
organisms in biological samples of all sorts is increasmg. Being often more specific and 
potentially more sensitive - if an adequate amplification and/or deteciion system is used '±e 
DNA probe approach may sveacuaJly replace the conventional identirlcation techniques. 

The reliability of nucleic acid based tests essentially depends on the sensitivity and 

15 specincaty of the probes and/or primers used. Thus the corner stone of this type of assay is 
the identification of nucleic acid sequences which are unique to the group of organisms of 
interest. 

Most of the nucleic acid based tests either described in literature and/or commercially 
available aim at the detection of just one particular organism in a biological sample. Sines 

20 most biological samples usually may contain a great variety of clinically relevant micro- 
organisms, a multitude of separate assays have to be performed to detect all relevant 
organisms possibly present This approach would be very expensive, laborious and time- 
consuming. Consequendy, the number of tests actually performed in most routine diagnostic 
labs on a particular sample is restricted to the detection of just a few of the most relevant 

25 organisms. Therefore it would be extremely convenient to have access to a system which 
enables the fast, easy and simultaneous detection of a multitude of different organisms. The 
more organisms that can be screened for in the same assay, the more cost-effective die 
procedure would be. 

As put forward in earlier published documents, the spacer region situated between the 
30 16S rRNA and the 23S rRNA gene, also referred to as the internal transcribed spacer (ITS), 
is an advantageous target region for probe development for detection of pathogens of 
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bacterial origin (Inuimational appUcaiion WO 91/IW54; Rossau et al.. 1992: EP-A-0 395 
292). 

One of its most appreciated advantages is that sequences unique to a great variety or 
bac«rial taxa can be found in a very limited area of the bacterial genome. This characo^ristic 
5 allows for an advantageous design of "probe-panels" enabling the simultaneous detection of 
a set of organisms possibly present in a panicular type of a biological sample. Moreover, 
being flanked by quasi-universally conserved nucleotide sequences - more panicularly located 
in the 3--part of the 16S rRNA gene and the S'-pan of the 23S rR.NA gene respectively - 
almost all spacers can be simultaneously amplified with a limited set of amplirlcation 
10 primers. Alternatively, specific primer sets can be derived from the spacer sequences 
diemselves. thereby allowing species- or group-specirlc amplirlcations. 

The 16S-23S rRNA spacer region is a relatively short (about 200 to lOCO base pairs) 
stretch of DNA present in one or multiple copies m the genome of almost all eubacteriai 
organisms. If multiple copies are present in the genome of one bacterium these copies can 
15 eiLr be identical (as is most probably the case in some Neisssni species) or may diner 
from each other (as is the case for £. ssiD- Tais difference can be limited to a few 
nucleotides but also deletions and insertions of considerable length may be present. 

UptU now. spacer probes are only described and made publicly available for a limited 
number of organisms many of which were disclosed in international application WO 
20 91/16454. AS described above, it would be very advantageous to be able to detect 
simultaneously a panel of pathogens: e.g. a panel of pathogens possibly present in the same 
type of biological sample, or a panel of pathogens possibly causing the same type or disease 
svmptoms which are difficult to differentiate clinically and/or biochemically, or a panel ot 
or^anisms belonging to the same taxon. In order to make the different panels as complete as 
25 possible, additional probes or sets of probes located in the spacer region and enabling the 
identification of at least the following bacterial groups or species are required : 
MvcohacTerium species 
Listeria species 
rhlamvdia species 
3Q - Arinetobacter species 

Mycoplasma species 
Sfrgntococcus species 
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<^ra phvioccccus species 
.< )almoneila species 
Brucella species 
Yersinia species 
P<;e!idQmonas suecies 

These additional spacer probes need to be meticulously designed such :ha; iey can 
be used simultaneously wid: at least one oAer probe, under the same hybridizat:cn ar.c wash 
conditions, allowing die detection of a particular panel of organisms. 

U is dius die aim of the present invention to select probes or sets of prcces. wnicn 
have as target die 16S-23S rRNA spacer region, and wh.ch allow ±. ce:ec::on and 
identification of at least one. and preferably more than one. of the above :nent:or.ec rr.cro- 
or^anisms. The probes or probe sets are selected in such a way that they car. -^e m 
combination widi at least one odier probe, preferably also ongmatmg from r.e 
rRNA spacer region, under die same hybndisation and wash conditions, to aiiow possio.y 
die simultaneous detection of several micro-organisms in a sample. 

U is also an aim of die present invention to provide for a selection metr.cd :or use m 
die selection of said spacer probes or probe sets. 

U is also an aim of die present invention to provide a rapid and reliable nybridizauon 
method for detection and identirication of at least one micro-organism in a sample, or ror die 
simultaneous detection and identification of several micro-organisms m a sample. 

It b more panicularly an aim of die present invemion to provide a •nyor:a.zation 
mediod allowing simultaneous detection and identificauon of a set of m.cro-orr.--. liaole 
to be present in a particular type of sample. 

It is more particularly an aim of die present invention to provide probes or sets 
probes for die possible simultaneous detection of micro-organisms in a samp- or.gmatmg 

from respiratory tract. ,-„r„hf.s 
It is anodier particular aim of die presem invention to provide prooes or se-. or probes 
for the possible simultaneous detection of micro-organisms in a sample originating from 

cerebrospinal fluid. • re nf 

U is s.m anoto par-icular aim of to pr«cnt invemion to provide proocs or «:s 
probes for possible simuitaneo^ to=.on of m.cro^rganisms in a sampie or,|ma„ng 

from urogenital craci. 
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It is still another particular aim of the present invention to provide probes or sets of 
probes for the possible simultaneous deletion of micro-organisms in a sample taken from 
the gastro-intestinai tract of a patient. 

It is still another particular aim of the present invention to provide probes or sets of 
probes for the possible simultaneous detection of micro-organisms in a sample originating 
from food or environmental samples. 

It is moreover an aim of the present invention to provide a method for detection and 
identification of a particular taxon in a sample, or a set of particular taxa. said taxon being 
either a complete genus, or a subgroup within a genus, a species or even subtypes within a 
species (subspecies, serovars, sequevars, biovars...). 

It is more panicularly an aim of the present invention lo provide probes or se:s of 
probes for the detection nf Mvcobac:erium species and subspecies, more particularly for me 
detection of M- tuberculosis complex strains, Mvcobacterium strains from the M.-\IS- 
complex, M. avium and M. paramberculosis . M- intraceilulare and M- jncracelluiare-like 
strains, M. scrofulaceum . M- kansasii, M- chelonae, M- sordonae, M- ulcerans. M- 
genavense . M- xenopi . simiae . M. fortuitum, M- malmoense, M- cdarum and M- 
haemophtlum . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Mycoplasma strains, more particularly of M. pneumoniae and M- genitalium . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Pseudomonas strains, more particularly P. aeruginosa. 

It is also an aim of the present invention to provide probes or sets of probes for 
detection nf .Sra phviococcus species, more particularly aureus and S. epidermidis . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Adnetobacter strains, more particularly A. baumanii. 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Listeria strains, more panicularly Listeria monocvtoaenes . 

It is also an aim of the present invention to provide probes or sets of probes for the 

detection of Brucella saains. 

It is also an aim of the present invention to provide probes or sets of probes for the 

detection of Salmonella strains. 

It is also an aim of the present invention to provide probes or sets of probes for the 
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detection of Chiamvdia strains, more particular'.y £. trachomaiis and Q. g, sixaci . 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Streptococcus strains. 

It is also an aim of the present invention to provide probes or sets of probes for the 
detection of Yersinia enterolitica strains. 

It is also an aim of the present invention to provide primers allowing specific 
amplification of the 16S-23S rRNA spacer region for certain organisms. More panicularly. 
it is an aim of the present invention to provide primers for the spectrlc amplification of the 
spacer region of Mycobacterium . Chiamvdia . Listeria . Brucella and Yersinia epterpiitica 
strains. 

It is also an aim of -Jie present invention to provide new sequences of 16S-23S rRNA 
spacer regions from which useful spacer probes or pnmers can be derived. 

It is also an aim of the present invention :o provide for kits for detection of at least 
one organism in a sample in which said probes and/or primers are used. 

It is noted that for a few of the above-mentioned organisms spacer sequences have 
already been published in literature or in publicly accessable data-banks. 

However, it should be made clear that die spacer region sequences disclosed in the 
cunent invention (figs. 1-103) are new and. in case they originate from the same species as 
diose of which a spacer sequence was already described in the prior art. diey differ to some 
extent from the already described sequences. 

Moreover, it is the principal aim of the present mvention to select, from die 
compUation of sequence data on spacer regions, specific probes and sets of probes enabling 
the detection and identification of a panicular panel of organisms, be it die organisms 
belonging to a common taxon, or the organisms possibly present in the same type of sample. 

The selection procedure usually consists of a theoretical and an experimental part. 
First of all. die different spacer sequences need to be aligned to diose of die 'closest 
neighbours' or to the spacer sequences of other micro-organisms liable to be present in die 
same sample. Tliis requires of course die sequence determination of the spacer region, as 
described in die examples. From die alignment, regions of divergence can be detlned. from 
3 which probes widi desired hybridization characteristics are designed, according to guidelines 
known to die man skilled in die art and specified in more detail below. 

Secondly, the designed probes need to be tested experimentally and evaluated for dieir 
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and. ^ecfic hybrid.^" =ondiuo. a„d/or i„ =o.b,r..o„ * o^.=: prco«. 
Exper^men-al «u„g can b. do« acceding » any Hybr,d«.ion ™«»cd taown m ar.. 

a pref=.=d a^y for .h. simuloneo^ «sr;„g of diffcenc prober under d,. same 
condidon. . ^ rev.™ hybndi^. -y. A spe=mc foma, for reverse .ybr,duauon o 
Len. probes s— us,y used >n =be curre. ,nv=n.i„n is *e U:PA <Une Prone A.ay, 
as described below, 

upon experimen,^ «snng nnexpecxd l,ybr.diza„on bebav,our may show up when * 
probes are bybr,di«d » ^ ^ -1=^= ac^d. and specif, probe adaptations .ay be 

couecnon of srra^. bod, belonging co d,e ..on . be de.=.=d and 
Due ,0 genome heierogenei,, in d,e spacer region, or me =,.sre„ce or mu,np,e ..ac . on_ 

different se<.ences in d.e same organ.m. ir . ,uU= often necessary, to se,.=n. pa 
„,io„s of addidona, straps, or to sequence add.tion^ spacer regtor. tn .e sar.e s.a,.,. a.^ 
,5 TdL d.e probes according to the new sequence data in order to obtain a better sens.ttv, y 
^Ir specirU (see e.g. =^>= 3). >n some cases it may be neccss^ or preterable 
:^:Lprolford.sameorgan.m,s=e=.g.e.amp,e:and..A:so,uponse„ 

*e spacer regton, some organisms may show unexpected (un.reiateaness. whtcb ma> iead 
larLionof s^inciassit-tcationcon^. toCassica, genomic cr,te:,a ,seee.g. examples 

'"lconc,.ion.t.eexper.en.P-of.eprobese>ect,onprocedure.ind^.^^ 
.dcomp.=men,ary.ot.»,.eored=alp-^obedesign.e3pec.,>yuncer.e,— 

of revet^e hybridization (the same conations for each probe* ,s not 
p oL have 'to be evaluated meticuiousiy before they can be used in a reverse hyprto^uo 
C. Therefor, probes cannot aiways be simpiy derived on a .eoreticai basts trom a 

ZZ:.^ wtth desired charactertsttcs .= foiiowtng useM guidei.nes may 
" "tl d-e extent and speciftcty of hybridi.t,on reacrtons such as .ose descrtbed 

r;'!:; :::.. or-not. ^he importance and effect of vartous assay conditions. 
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Rm sabiU« of .he iprooc : nud=ic >cid hybrid should b. chose. «. be 

comoadWe wi* assay coadiuons. Thcs may be ^mplished by avoiding long A and T 

n.,„,»e=c=s, by ^V*"^ <=^= ^ ''^^ " '^''2 

5 an appropr^ Tn,. T.e begWn. and end poin. o.' .he probe should be cnosen so 

4. lengih and .GC resul. in a Tm about MO'C h,gh.r *an *e «mp«amre ac wh.h *= 
final assay will be performed. The base composiuon of ihe probe . s,gnif.=an. because G-C 
L pairs exhib,, grea.r s.abi..,y as compare. » A-T base pairs due » add.ona, 

t,drogenbondi.g.Tl.us.hvbr,dtodoninvoWi„,complemen.arynudeic acids o,h,gher G-C 

10 content will be siable at higher temperatures. 

Conditto. such as ionic strength and .ncubacion temperature under wh,cn a prooe w,„ 
te used Should also be talcen into account ,n co^tructing a probe. It is .nown t^ 
,ybr,di.a„on will n>crease as the tonic strengh, of ^ reactton m.ture tncreas.^ and 
*e themtal stability of the hybrids wUl tncrease with increasing .on,c strenght. On th oth 
.5 Id. chetnical reagents, such as formamide, urea. DMSO and alcohols, w^^c d.™ 
hvdrcen bonds, will teease the s.tngency of hybridation. Destabiiizattono, *e hydroge 
bol'by such reagen. can greatly reduce *e Tm. In genet., optimal hyb„d«». ^ 
,™^tic oligonucleodde probes of about 10-50 bases in length occurs ^PP™-- ^= 
below dt. melting temperature for a given duplex. lncubat.on at temperatures b^.w th 
JO opttmum may allow mUmat^ed base se,ue.=s to hybridize and can theretore result 
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" II... » -e probes which hybrid, only under condiuons o h.^ 
s,ringer.v.Underhighstringencyconditionson,yh,ghlycomplementarynuc,eicac«^^^^^ 

»i„ form- hybrids widtout a sufficient degree of complementar.t, wtU not torm. 

rr:ins.,.b.™een.ehybtidformedwi.„^^^^ 
the t^htarget nucleic acid. In some examples of the current ,nvent,on. e.g. when hw 
Id otgan.ms need to be differenttated. it ma, be necessary to detect stngle base pa,r 
chan.es In those cases, conditions of very high stringency are needed. 

second, probes should be positioned so as to minim,ae dte stability of the ■ 
„onarget, nucleic acid hybrid. This may be accomplUhed by m.nimizing the length o, per.e 
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complemenarity to non-targe: organisms, avoiding GC rich regions of homology to non- 
arget sequences, and by positioning the probe to span as many destabilizing mismatches as 
possible. Whether a probe sequence is useful to detect only a specific type of organism 
depends largely on die diermai stability difference between fprobeiargetj hybrids and 
(probe:noniargetl hybrids. In designing probes, the differences in these Tm values should be 
as large as possible (e.g. at leas:2'C and preferably S'C). 

The length of the target nucleic acid sequence and. accordingly, the length of the 
probe sequence can also be important. In some cases, there may be several sequences from 
a particular region, varying in location and length, which will yield probes with the desired 
hybridization characteristics. In other cases, one sequence may be significantly bener than 
another which differs merely by a single base. While it is possible for nucleic acids :hat are 
not perfectly complementary to hybridize, the longest stretch of perfectly compie~en:ary 
base sequence will normally primarily determine hybrid stability. While oligonuciectide 
probes of different lengths and base composition may be used, oligonucleotide probes 
15 preferred in this invention are between about 10 to 50 bases in lengdi and are sufficiently 
homologous to the target nucleic acid. 

Third, regions in the target DNA or RN.\ which are known to form strong internal 
structures inhibitory to hybridization are less preferred. Likewise, probes with extensive self- 
complementarity should be avoided. As explained above, hybridization is die association of 
20 two single strands of complementar/ nucleic acids to form a hydrogen bonded double strand. 
It is implicit that if one of die two strands is wholly or partially involved in a hybrid that it 
will be less able to participate in formation of a new hybrid. There can be intramolecular and 
intermolecular hybrids formed within ±e molecules of one type of probe if there is sufficient 
self complementarity. Such structures can be avoided through careful probe design. By 
25 designing a probe so that a substantial portion of the sequence of mterest is single stranded, 
the 'rate and extent of hybridization may be greatly increased. Computer programs are 
available to search for this type of interaction. However, in certain instances, it may not be 
possible to avoid this type of interaction. 

The probes of the present invention are designed for attaining optimal performance 
30 under the same hybridization conditions so that they can be used in sets for simultaneous 
hybridization; this highly increases the usability of these probes and results in a significant 
gain in time and labour. Evidently, when other hybridization conditions should be preferred. 
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^, p„o« should be ^ accordingly by adding or d=l«in, a -ber o. »«ieoad=s « 
^- ex^miue.. I. Should b. «dd«^=d these coocoM««nn. adapr^ioos should s.= 
^ resseoa^ly *e sa.e resulr. namely rha. .he resp«ive probes srill byh.^- 
,pec,fi=allywi.h redefined .axse. Such adaptadoos oUghralsobe necessary if *e ampl^,ed 
Should be RN^ ^ nanrre and nor DNA as .he case for ^e NASBA sysre.. 
The hvbridionon conditions canbc n»nm.red relying upon several paranKters, such 
3. *e nanr^ and concenrranon of *e co^onenB of rhe «dia, and rhe remneran^res under 
which the hybrids are formed and washed. 

The hybridixaaoh and wash «mperan« U limired in upper value dependmg on 4= 
_ of ^ prcbe 0. nucleic add composirion. Bnd and lengrh). The ^m 
h^ndizadon or wash «mpera»re of *e probes de«ibed m die presen. ~ 
L «.C » 60-C. .ore preferably «'C to 55-C. ,„ *e specifrc hybnd^,on a^d 
^ia as described in .he Examples sea.on. M higher ■eo.perao.es *«p,ex,^ (- 
for^rion of ^e hybrids) competes with the dissoCtioa (or denan^aon, o, the hybnd 
formed between the probe and the target. „r 10". 

lu a preferred hybridizadon medium of the invention, contammg 3 x SSC and_20 , 
formamide, hybrid^adon temperaorres can range from «-C to -^^^^^^ 

«f sn«r A oreferred wash medium contains 3 x SSC ana /o 

„ »hirh the orobes can be used 10 obtain the required specificity 
media, die temperatures at which die prooes can w i„ ,h. fbllowin' 

^ould be changed according to Icnown reladonships, such as tho» described m th fbllowm 
reference: Hames B and Higgins S (eds.). Nucleic acid hyhraiaation. ^ pracncal approach, 

TRT Press Oxford, U.K., 1985. 

selected nucleic acid probes derived frotn the 16S-«S rKNA sp.er «gion . 
described by *e present invention are listed in JM^ (SEQ ID NO 1 to ^. 7= to 19 
; !t and 10 ,0 m. M described h, the examples section, some of these proo 

bet^r sensitivity and,or specificity ^ o.ers, and .e better probes 
preferentially used in mediods to detect the organism of hiterest m a ^'oiogol 
However, it U possible that for certain applications (e.g. epidemWogy. substram typmg. 0 
a set of probes including the less specific and/or less sensitive probes may be very 
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informative (see e.g. example 7). 

The following definiuons ser/e to iilusirate the terras and expressions used in the 
different embodiments of the present invention as set out below. 

The term 'spacer' is an abbreviated *venn referring to the 16S-2jS rRNA internal 
transcribed spacer region. 

The term 'probe* refers to single stranded sequence-specific oligonucleotides which 
have a sequence which is sufficiently complementary to hybridize to the target sequence -lO 
be detected. 

The more specific term 'spacer probe" refers to a probe as defmed above having a 
sequence which is sufficiendy complementary to hybridize to a targe: sequence which is 
located in the spacer region(s) of ±e organism (or group of organisms) to be detected. 

Preferablv said probes are 70 fo, 80%. 90%, or more than 95% homologo^is rte 
exact complement of the target sequence to be detected. Tnese targe: sequences are either 
genomic DNA or precursor RNA, or amplified versions thereof. 

Prefer^ly, these probes are about 5 to 50 nucleotides long, more preferably from 
about 10 to 25 nucleoddes. The nucleotides as used in the present invention may be 
ribonucleotides, deoxyribonucleotides and modified nucleotides such as mosine or nucleotides 
containing modified groups which do not essentially alter their hybridizadon characteristics. 
Moreover, it is obvious to the man skilled in the an that any of the below-specified probes 
can be used as such, or in their complementary form, or in their RNA form (wherein T is 
replaced by U). 

The probes according to the invention can be formed by cloning of recombinant 
plasmids containing inserts including die corresponding nucleotide sequences, if need be by 
cleaving the laner out from the cloned plasmids upon using the adequate nucleases and 
recovering diem, e.g. by fracdonation according to molecular weight. Tne probes according 
to the present invention can also be synthesized chemically, for instance by the conventional 
phospho-criester method. 

The term "complementary" nucleic acids as used herein means that the nucleic acid 
sequences can form a perfect base-paired double helix with each odier. 

The term "homologous" as used in the current application is synonymous for 
identical: diis means that polynucleic acids which are said to be e.g. 80% homologous show 
80% identical base pairs in the same position upon alignment of die sequences. 
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The term "polynucleic acid* corresponds co either double-stranded or single-stranded 
cDNA or genomic DNA or RNA, containing at least 10. 20, 30. 40 or 50 contiguous 
nucleotides. A polynucleic acid which is smaller than 100 nucleotides in length is often also 
referred to as an oligonucleotide. Single stranded polynucleic acid sequences are always 
represented in the current invention from the 5' end to the 3' end. 

The term 'closest neighbour' means the taxon which is known or expected to be most 
closely related in terms of DNA homology and which has to be differentiated from the 
organism of interest. 

The expression 'desired hybridization characteristics' means that the probe only 
hybridizes to the DNA or RNA from organisms for which it was designed, and not to DNA 
or RNA from other organisms (closest neighbours or organisms liable to be present in -Jie 
same sample). In practice, this means that the intensity of the hybridizirion signal is at least 
two. three, four, five, ten or more times sa-onger with the targe: DNA or RNA from the 
organisms for which the probes were designed, as compared to non-target sequences. 

These desired hybridization characteristics correspond to what is caUed later in the 

text "specific hybridization". 

The expression "taxon-specific hybridization" or "taxon-specific probe" means that 
the probe only hybridizes to the DNA or RNA from the taxon for which it was designed and 
not to DNA or RNA from other taxa. 

The term taxon can refer to a comple'.e genus or a sub-group within a genus, a species 
or even subtype within a species (subspecies, serovars. sequevars. biovars...). 

The term "specific amplification" or "specific primers" refers to the fact that said 
primers only amplify the spacer region from these organisms for which they were designed, 
and not from other organisms. 

The term "sensitivity" refers to the number of false negatives: i.e. if 1 of the 100 
strains to be detected is missed out, the test shows a sensitivity of (100-1/100)% = 99%. 

The term "specificity" refers to the number of false positives: i.e. if on 100 strains 
detected, 2 seem to belong to organisms for which the test is not designed, the specificity of 

die test is (100-2/100)% = 98%. 

The probes selected as being "preferential" show a sensitivity and specificity of more 
than 80%, preferably more than 90% and most preferably more than 95%. 

The term "primer" refers to a single stranded DNA oligonucleotide sequence capable 
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of acting as a point of initiation for synthesis of a primer extension product whidi is 
complementary to the nucleic acid strand to be copied. The length and the sequence of the 
primer must be such that they allow to prime the synthesis of the extension products. 
Preferably the primer is about 5-50 nucleotides long. Specific length and sequence wUl 
depend on the complexity of the required DNA or RNA targets, as weU as on the conditions 
of primer use such as temperanire and ionic strenghc Tie faa that amplincanon primers do 
not have to match exactly with the corresponding a;mplaie sequence to warrant proper 
amplification is amply documented in the literamre (Kwok et al., 1990). 

Tne amplification mediod used can be eidier polymerase chain reaction (PGR; Saiki 
et al.. 1988). ligase chain reaction (LCR; Landgren et al.. 1988; Wu & Wallace. 1989; 
Barany, 1991). Qucleic acid sequence-based amplitxation (NASBA; Guatelli et al.. 1990; 
Coranton. 1991). transcription-based amplification system (T.\S; Kwoh et il.. I9S9). strand 
displ^ement amplification (SDA; Duck. 1990; Waiker et al.. 1992) or ampiincation by 
means of Q6 replicase (Lizardi et al.. 1988; Lomeii et al.. 1989) or any other suitable 
method to amplify nucleic acid molecules known in the an. 

The oligonucleotides used as primers or probes may also comprise nucleotide 
analogues such as phosphorothioates (Matsukura etal.. 1987), alkylphosphorothioaies (Miller 
et al.. 1979) or peptide nucleic acids (Nielsen et al.. 1991; Nielsen et al., 1993) or may 
contain intercalating agents (.-^sseline et al., 1984). 

As most odier variations or modifications introduced into die original DNA sequences 
of the invention these variations' wUl necessitate adaptions with respect to the conditions 
under which the oligonucleotide should be used to obtain the required specificity and 
sensitivity. However the evennial results of hybridisation wiU be essentially the same as those 
obtained with the unmodified oligonucleotides. 

The introduction of these modifications may be advantageous in order to positively 
influence characteristics such as hybridization kinetics, reversibility of die hybrid-formation, 
biological sabUity of the oligonucleotide molecules, etc. 

The term 'solid support" can refer to any substrate to which an oUgonucleotide probe 
can be coupled, provided that it retains its hybridization characteristics and provided that die 
background level of hybridization remains low. Usually die solid substrate will be a 
microtiter plate, a membrane (e.g. nylon or nitroceUulose) or a microsphere (bead). Prior 
to application to the membrane or fixation it may be convenient to modify die nucleic acid 
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probe in order to faciiiiate nxacioa or improve the hybridization efficiencv. Such 
modificaiions may encompass homopoiymer tailing, coupling with different reacuve groups 
such as aliphatic groups, NH. groups, SH groups, carboxyiic groups, or coupling with biotin, 
haptens or proteins. 

The term "labelled" refers to the use of labelled nucleic acids. Labelling may be 
carried out by the use of labelled nucleotides mcorporated during the polymerase step of ±t 
amplification such as illustrated by Saiki et al. (1988) or Bej et al. (1990) or by the use of 
labelled primers, or by any other method known to the person skilled in die art. Tat nature 
of the label may be isotonic ^S, etc,) or non-isotopic (biotin, digoxigenin, etc.). 

Tne "samole" may be any biological material taken either directly nrom the infected 
human being (or animal), or after culturing (enrichment), or a sample taken from food or 
feed. Biological material may be e.g. expectorations of zzy kind, broncheolavages, blood, 
skin tissue, biopsies, lymphocyte blood culture material, colonies, etc. Said samples may be 
prepared or extracted according to any of the techniques known in the art. 

The "target" material in these samples may be eidier genomic DNA or precursor 
RNA of ±e organism to be detected (= target organism), or amplified versions diereof as 
set out above. More specifically, the nucleic acid sequence of the target material is localized 
in the spacer region of the target organism(s). 

Detection and ideadi'ication of the target material can be performed by using one of 
the many electrophoresis me±cds, hybridization mediods or sequencing methods described 
in literamre and currendy known by men skilled in the art. However, a very convenient and 
advantageous technique for die simultaneous detection of nucleic acids possibly present in 
biological samples is the Line Probe Assay technique. The Line Probe Assay (LiPA) is a 
reverse hybridizadon format (Saiki et al., 1989) using membrane sn-ips onto which several 
oligonucleotide probes (including negative or positive control oligonucleoudes) can be 
conveniendy applied as parallel lines. 

The LiPA technique, as described by Stuyver et al. (1993) and in international 
applicauon WO 94/12670, provides a very rapid and user-friendly hybridization test. Results 
can be read within 4 h. after die start of die amplification. After amplification during which 
usually a non-isotopic label is incorporated in die amplified product, and alkaline 
denaturadon, the amplified product is contacted widi die probes on die membrane and die 
hybridization is carried out for about I to 1,5 h. Consequently, die hybrids formed are 
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detected by an enzymatic procedure resulting in a visual purple-brown precipitate. The LiPA 
format is completely compatible with commercially availabe scanning devices, thus rendering 
automatic interpretation of the results possible. All those advantages make die LiPA format 

liable for use m a routine setni^. 

The LiPA format is not only an advantageous tool for identification and detection of 
paihogens at the species level but also at higher or lower taxonomical levels. For instance, 
probe-configuraiions on LiPA strips can be selcaed in such a manner that they can detect a 
complete genus (e.g. Neisseria . Lisisna, etc.) or can identify subgroups within a genus (e.g. 
subgroups in the vfvmh.crterium aium-ilisscsliais££-sc^^ complex) or can in some 
casL even detect subrypes (subspecies, serovars, sequevars. biovars. e-^. whatever is 

clinically relevant) within a species. 

It should be stressed that the abUity :o simultaneously generate hyhridiiijnon results 
with a number of probes is an outstanding benefit of the LiPA technology . In many cases the 
amount of information which can be obtained by a particular combination of probes greatly 
oumumbers the data obtained by using single probe assays. Therefor die selection of probes 
on the membrane strip is of umiost importance since an optimized set of probes will generate 
the ma.timum of information possible. TTiis is more particularly exemplified tiorther herein. 

The fact that different probes can be combined on one strip also offers the possibUity 
to conveniently cope with a lack of sensitivity due to sequence heKrogenity in the target 
region of the group of organisms to be deterxd. Due to this heterogenit:/. two or more 
probes mav be required to positively identify all organisms of the paricuiar group. Tnese 
probes can be applied to membrane strips at different locations and ±e result is interpreted 
as positive if at least one of these probes is positive. Alternatively these probes can be 
applied as a mixture at the same location, hereby reducing the number of lines on a strip, 
nus reduction may be convenient in order to make the strip more concise or to be able to 
extend the total number of probes on one strip. Anodier alternative approach, in view of its 
practical benefits, is the synthesis of oligonucleotides harbouring the sequences of two (or 
more) different probes (=degenerate probes) which then can be further processed and applied 
to the strip as one oligonucleotide molecule. This approach would considerably simplify the 
manufacturing procedures of the LiPA-strips. For example, probes widi nucleotide sequences 
A and B are bodi required to detect all strains of ta.xon X. In the lane: alternative a probe 
can be syntiiesized having the nucleotide sequence AB. This probe wUl have the combined 
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characterisiics of probes A and B. 

By virtue of the above-mentioned properties the LiPA system can be considered as 
a preferential format for a hybridization method wherein several organisms need to be 
detected simultaneously in a sample. Moreover, as described in the examples section, the 
LiPA system is a preferred format for a selection method for the experimental evaluation and 
selection of theorericaily desired probes. 

However, it should be clear that any other hybridization assay, whereby different 
probes are used under the same hybridization and wash conditions can be used for the above- 
menuoned detection and/or selecuon methods. For example, it may be possible to immobilize 
the laraet nucleic acid to a solid support, and use mixtures of different probes, all, differently 
labeled, resulting in a different detection signal for each of the probes hybridized to the 
target. 

As an example, the procedure to be followed for the detection of one or more 
organisms in a sample using the LiPA format is outlined below : 

First, the nucleic acids of the organism(s) to be detected in the sample, is made 
available for amplification and/or hybridization. 

Secondly, the nucleic acids, if present, are amplified with one or another target 
amplification system, as specified below. Usually, amplification is needed to enhance 
the subsequent hybridization signal. However for some samples or some organisms 
amplification might not be necessary. This might also be the case if, for the detection 
of the hybrids formed, highly sensitive signal-amplification systems are used. 
Thirdly, eventually after a denaniration step, the nucleic acids present in the sample 
or the resulting amplified product are contacted with LiPA strips onto which one or 
more DNA-probes. allowing the detection of the organisms of interest, are 
Lmmobiiized, and hybridization is allowed to proceed. 

Finally, eventually after having performed a wash step, the hybrids are detected using 
a convenient and compatible detection system. From the hybridization signals or 
patterns observed the presence or absence of one or several organisms screened for 
in that particular biological sample can be deduced. 

The amplitlcation system used may be more or less universal, depending on the 
specific application needed. 

By using universal primers located in the conserved flanking regions (16S and 23S 
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geae) of the rRNA spacer, the spacer region of most if aot all organisms of eubacterial origin 
will be amplified. The same result may be obtained by using a combination of different sets 
of primers widi reduced universaiir/ (multiplex amplirlcation, i,e. an amplification procedure 
in which two or more primer sets are used simultaneously in one and ±e same reaction 
mixmre). 

For some applications it may be appropiate to amplify not all organisms present in 
the sample but more specifically, beforehand defmed taxa. This may be achieved usmg 
specific primers located either in less conserved parts of the flanking genes of die spacers 
(e.g. MYCPl-5 for amplification of the spacer region of mycobacteria) or located in the 
spacers diemselves (e.g. US-P1-P7 , BRU-Pl-4, CHTR-Pl-l and YEC-Pl-2 for specific 
amplification of the spacer regionfs) of Listeria species, Bnicella species. Chlamydia 
trachomatis , and Yersinia enterocolitica respectively). 

The present invention thus provides a method for detection and identification of at 
least one micro-organism, or for the simultaneous detection of several micro-organisms in 
a sample, comprising the steps of: 

(i) if need be releasing, isolating andyor concentrating the polynucleic acids from the 
micro-organism(s) to be detected in the sample; 

(ii) if need be amplifying the 16S-23S rRNA spacer region, or a pan of it, from the 
micro-organism(s) to be detected, with at least one suitable primer pair; 

(iii) hybridizing the polynucleic acids of step (i) or (ii) widi a set of probes comprising at 
least two probes, under the same hybridization and wash conditions, with said probes 
being selected from ±e sequences of table la or equivalents thereof and/or from 
taxon-specific probes derived from any of the spacer sequences represented in figs. 
H03, with said taxon-specific probe being selected such that it is capable of 
hybridizing under ±e same hybridization and wash conditions as at least one of the 
probes of table la; 

(iv) detecting the hybrids formed in step (iii); 

(v) identification of the micro-organism(s) present in the sample from the differential 
hybridization signals obtained in step (iv). 

The probes as mentioned in table la are all selected in such a way that they show the 
desired hybridization characteristics at a hybridization and wash temperanire of SO'^C m a 
preferred hybridization and wash medium of 3X SSC and 20% formamide. 
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^ ^ of a probe. ^ called -var^-- or -homolo^" or 

.^^ dertv*^-. refers „ pro... dicing » se^ *om any of *e probe, specfl^l 
to .ile 1 either by ..dioon » or removal froo. any of respecrive e.rr=m.ue. of one or 
Leral »»=.ec,ide.. or b, c^ing one or .ore wid^ 
:^^o„ of bod. provided ^ said e^ivalea. «ill bybndize ^ .^KNAo 
DHA .arget as *e correspooang »»dif«* prob= '^■^-^ ^ » 

75, bology. preferably more dun 80,. mosr preferably more ^ 85% homology ««b 
TclpoSii unmodif^d probe sequence. U .bould be aored ^. wbea dsmg an 
"of a p;be. i. may be necessary „ modify *e bybridi^on condidons ro obram 

r^e .peciilciry as .he c«espondmg unmod-«ed probe. As a consequence smce » . 
taimofl— »dsease=of probes wbicbwor. under .esamebynr^d 

„asb condidons, i. wU. also be necessary . modify- accordingly the seance o: the o*e. 
;l belong^g » .he same set as .e origir^ — probe. These mod_ 
e don according to principles Icnown . the art. e.g. such as ^ose " 
and Higgins S CEds): Nucleic acidhybriduation. Ptacdc^ approach. mL Press. Oxrord. UK, 

The invention ^o provides for a method to selea ^xon-specfftc probes ftom ^ 
spac-r region se^nce(s) of said =.on, said probes betng selected such tha. th^ sho« 
resi;d h;rid^on cba»ter.dcs under umfied hybrtd^tion and wash — 

tL term "unifiai- condidons means d,at these condidons are the same for the 
rflfrVreotorobes enabling the detecdon of different laxa. 

P^.d^present — providesforamethcdasdescr^^^^ 

at least 2 microorganisms are detected simultaneously. 

preferr;d embodiment, the set of probes as described in step W . comp^mg 
a, least ™o probes being selected Som the sec^ences of table la. or equtvalents *er«f. 
" " :::.er embodhnent. .e set of probes as described . step (iii) . ~d.pr.mg 

bein» selected from d>e sequences of table la, or equivalents diereof. and a. 

^ of . spacer sequence. . ...^^ ^ 

"Ll another embodiment, the set of probes as described m step (iiO . comprtsing 
„ least two «on.specif. probes derived ^m an, of d,e spacer sequences as represented 
in figs. 1-103. 
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The present invennoa aiso provides for a metfacd as described above, wherein the 
probes as specified in step (iii) are combined with at least one other probe, preferentially also 
from the 16S-23S rRNA spacer region, enabling the simultaneous detection of different 
pathogenic bacteria liable to be present in the same sample. 

Tlie organisms of clinical relevance present in biological samples may vary 
considerably depending on the origin of the sample. The most common pathogenic bacteria 
which may be found in spumm samples, or in samples originating from the respiratory tract, 
are : 

MQra:cella catarrfaalis 
^ q -pptncoccJS nneumomiae 
paemonhilus influenzae 
P^eiidomonas aerjginosa 
MvcnpiasTna nneumomiae 
|\r.inetobacier species 
MvpQhacteriutn species 
<}ra phvlococcus aHtgui 
Legionella pneumophila 
A LiPA-strip harbouring spacer-probes enabling the detection of most if not all of 
these organisms would be extremely benificial for reasons explained above. 

Evidently, this also applies for other biological samples, as there are : 
cerebrospinal fluid, urogenital samples, gastrointestinal samples, blood, urine, food products . 
soil. etc. For example, a preferred panel for cerebrospinal fluid would contain probe 
combinations enabling the detection and differentiation of the following organisms : 
Neisseria meningitidis 
<srre ptococcus pneumoniae 
.<Nfrfi ptococcus aoalactiae 
Listeria mnnncvtogenes 
Mvr-nhacterium niherculosis 
For some of the above mentioned organisms, spacer probes were already designed in 
a previous patent apolication (WO 91/16454). In order to be able to detect most pathogens 
possibly present in a sample in a single test, the probes of the present invention may be 
combined with at least one of the probes of WO 91/16454. or their obvious derivauves as 
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specified in WO 91/16454. For clarity, these probes are lis-^d hereansr: 
tJeisssria 22I!SIlllS^: NGIl: CGATGCGTCGTTAT7CTACTTCGC 

NGI2: TTCGnTACCTACCCGTrGACT.\AGTAAGCAAAC 

lissssnamsningisi^ nmii: ggtcaagtgtgacgtcgccctg 

NMI2: GTrCTTGGTC.\AGTGTGACGTC 

NMI3: GCGTTCGTTATAGCTATCTACTGTGC 

NMI4: TGCGTrCGATATTGCTATCTACTGTGCA 

NMI5: TnTGTrCTrGGTC.\.\GTGTGACGTCGCCCTGAA 

TGGATrCTGTTCCATr 
NMI6: nTGCCTAACATTCCGTTGACTAGAACATCAGAC 

^,.n,nnhiln. ducrevi HDU: TTATrATGCGCGAGGCATATrG 
araiiiiamdk cajbsn^ BCIl: TT.\AACATCTTACC.AA.\G 

BCH: TrGATGTTT.\.\ACrTGCTrGGTGGA 
Bordstella Eerms^ BPU: CCACACCCATCCTCTGGACAGGCTr 
H.>TT>-""- Hill: ACGCATCA.A.mGACCGCACTr 

HII2: ACTTTGAAGTGAAAACTTAAAG 
S252ISS2CS1S agalaoiae SAIl: AATCGAAAGGTTCAAATTGTT 

SAG: GGAAACCTGCCAnTGCGTCTT 
SAI3: TCCACGATCTAGAAATAGATTGTAGAA 
SAI4: TCTAGmTAAAGAAACTAGGTT 
Sssiaosscsiiiaemnfim SPIl: gtgagagatcacc.\agtaatgca 

SPC: AGGAACTGCGCATTGGTCTr 
SPD: GAGTITATGACTGAAAGGTCAGAA 
The inveatioa thus provides for a method as described above, wherein said sample 
is originating from the respiratory tract, and wherein the set of probes as defined in step (iii) 
comprises at least one probe chosen from the following spacer probes: 
MYCICG-l : ACTGGATAGTGGTTGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22 : CITCTGAATAGTGGTrGCGAGCATCT (SEQ ID NO 2) 

MTB-ICG-1 : GGGTGCATGACAAC.^\AGTrGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACITGTrCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

MAl-ICG-1 : CA.\CAGCAAATGATrGCCAGACACAC (SEQ ID NO 6) 
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MIL-ICG-ll 

MIL-ICG-22 
MAC-ICG- 1 
MAV-ICG-l 
MAV.ICG-22 : 
MIN-ICG-1 : 
MIN-ICG-2 : 
MIN-ICG-22 : 
MIN-ICG-222 : 
MIN-ICG-2222 
MAL-ICG-1 : 
->.'(HEr-ICG-l : 
MAH-ICG-1 : 



20 

GAGGGGTTCCCGTCTGTAGTG 
TGAGGGGTTCTCGTCTGTAGTG 
CACTCGGTCGATCCGTGTGGA 
TCGGTCCGTCCGTGTGGAGTC 
GTGGCCGGCGTTCATCGAAA 
GCATAGTCCTTAGGGCTGATGCGTT 
GCTGATGCGTTCGTCGAAATGTGTA 
CTGATGCGTTCGTCGAAATGTGT 
TGATGCGTTCGTCGAAATGTGT 
: GGCTGATGCGTTCGTCGAAATGTGTAA 
ACTAGATGAACGCGTAGTCCTTGT 
TGGACGA.\A.A.CCGGGTGCACAA 
GTGTAA l ' i ' lL ' 1 ' 1 1 i 1 l AACTCTTGTGTGTAAGTAAGTG 



(SEQ ID NO 7) 
(SEQ ID NO 8) 
(SEQ ID NO 9) 
(SEQ ID NO 10) 
(SEQ ID NO II) 
(SEQ ID NO 12) 
(SEQ ID NO 13) 
(SEQ ID NO 14) 
(SEQ ID NO 15) 
(SEQ ID NO 16) 
(SEQ ID NO 17) 
(SEQ ID NO 18) 







f^FO TD NO 19") 


MCO-ICG-U : 


TGGCCGvjLu I Li 1 i V-A 1 uuAAA 


/•CPO ID NO 20") 


MTH-ICG-11 : 


GCACTTCAATTGGTGAAGTGCvjA(jC.C 




MTH-ICG-2 : 


GCGTGGTCTTCATGGCCGG 


(SEQ ID NO 22) 


MEF-ICG-11 : 


ACGCGTGGTCCTTCGTGG 


(SEQ ID NO 23) 


MSC-ICG-1 : 


TCGGCTCGTTCTGAGTGGTGTC 


(SEQ ID NO 24) 


MKA-ICG-1 : 


GATGCGTTTGCTACGGGTAGCGT 


(SEQ ID NO 25) 


MKA-ICG-2 : 


GATGCGTTGCCTACGGGTAGCGT 


(SEQ ID NO 26) 


MKA-ICG-3 : 


atgcgttgccctacgggtagcgt 


(SEQ ID NO 27) 


MKA-ICG-4 : 


CGGGCTCTGTTCGAGAGTTGTC 


(SEQ ID NO 28) 


MKA-ICG-5 : 


CCCTCAGGGATnTCTGGGTGTTG 


(SEQ ID NO 182) 


MKA-ICG-6 : 


GGACTCGTCCAAGAGTGTTGTCC 


(SEQ ID NO 183) 


MKA-lCG-7 : 


TCGGGCTTGGCCAGAGCTGTT 


(SEQ ID NO 184) 


MKA-ICG-8 : 


GGGTGCGCA.\CAGCAAGCGA 


(SEQ ID NO 185) 


MKA-ICG-9 : 


GATGCGITGCCCCTACGGG 


(SEQ ID NO 186) 


MKA-ICG-10 


: CCCTACGGGTAGCGTGTTCmTG 


(SEQ ID NO 187) 


MCH-ICG-1 : 


GGTGTGGACTTTGACTTCTGAATAG 


(SEQ ID NO 29) 


MCH-ICG-2 : 


CGGCAAAACGTCGGACTGTCA 


(SEQ ID NO 30) 


MCH-ICG-3 : 


GGTGTGGTCCTTGACTTATGGATAG 


(SEQ ID NO 210) 
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MGO-ICG-l 
MGO-ICG-2 
MGO-ICG-5 
MUL-ICG-l 
MGV-ICG-1 
MGV.ICG-2 
MGV-ICG-3 
NDCE-ICG-l 
MSI-ICG-1 : 
MFO-ICG-1 
MFO-ICG-2 
MML-ICG-1 
MML-ICG-2 
MCE-ICG-l 
MHP-ICG-1 
PA-ICG I 
PA-ICG 2 
PA-ICG 3 
PA-ICG 4 

PA-ICG 5 : 
MPN-ICG 1 
MPN-ICG 2 
MGE-ICG 1 



AACACCCTCGGGTGCTGTCC 

GTATGCGTTGTCGTTCGCGGC 

CGTGAGGGGTCATCGTCTGTAG 

GGTTTCGGGATGTTGTCCCACC 

CGACTGAGGTCGACGTGGTGT 

GGTGnTGAGCATTGAATAGTGGTTGC 

TCGGGCCGCGTGTTCGTCAAA 

GTTGGGCAGCAGGCAGTAACC 

CCGGCAACGGTTACGTGTTC 

TCGTTGGATGGCCrCGCACCT 

AdTGGCGTGGGATGCGGGAA 

CGGATCGATTGAGTGCTTGTCCC 

TCTAAATGAACGCACTGCCGATGG 

TGAGGGAGCCCGTGCCTGTA 

CATGTTGGGCTTGATCGGGTGC 

TGGTGTGCTGCGTGATCCGAT 

TGAATGTTCGTGGATGAACATTGATT 



(SEQ ID NO 31) 
(SEQ ID NO 32) 
(SEQ ID NO 33) 
(SEQ ID NO 175) 
(SEQ ID NO 176) 
(SEQ ID NO 177) 
(SEQ ID NO 211) 
(SEQ ID NO 178) 
(SEQ ID NO 179) 
(SEQ ID NO 180) 
(SEQ ID NO 181) 
(SEQ ID NO 188) 
(SEQ ID NO 189) 
(SEQ ID NO 190) 
(SEQ ID NO 191) 
(SEQ ID NO 34) 
(SEQ ID NO 35) 
(SEQ ID NO 36) 



CACTGGTGATCATTCAAGTCAAG 
TGA.\TGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 

(SEQ ID NO 37) 

CTCnTCACTGGTGATCATrC.\.\GTCAAG 
ATCGGTGGTAAATTAAACCCAAATCCCTGT 
CAGTTCTGA.\AGAACA'nTCCGCTTCTTTC 
CACCCATTAA'i'l'ri' 1 1 CGGTGTTAAAACCC 



(SEQ ID NO 38) 
(SEQ ID NO 49) 
(SEQ ID NO 50) 
(SEQ ID NO 51) 



Mycoplasma-ICG : CAAA.-^CTGAAAACGACAATCnTCTAGTTCC (SEQ ID NO 52) 



STAU-ICG 1 : TACCAAGCAAAACCGAGTGA.\T.\AAGAGTT 

STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC 

STAU-ICG 4 : GAACGTAACTTCATCTTAACGnTGACTTAT 

ACI-ICG 1 : GCTrAAGTGCACAGTGCTCTA.\ACTGA 

ACI-ICG 2 : CACGGTA-\TTAGTGTGATCTGACGAAG 
and more preferably from the following spacer probes: 



(SEQ ID NO 53) 
(SEQ ID NO 54) 
(SEQ ID NO 55) 
(SEQ ID NO 56) 
(SEQ ID NO 57) 
(SEQ ID NO 58) 



wo 96/002^ PCT/EP95/02452 



MYC-ICG-1 : ACTGGATAGTGGTTGCGAGCATCTA (SEQ ID NO I) 

MYC-ICG-22 : CTTCTGA-^TAGTGGTTGCGAGCATCT (SEQ ID NO 2) 

MTB-ICG-l : GGGTGCATGAC.\.\CAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTTGTTCCAGGTGTTGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCG7GTTCT (SEQ ID NO 5) 

MAI-ICG-1 : CAACAGCAAATGATTGCCAGACACAC (SEQ ID NO 6) 
MIL-ICG-II : GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MTL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 3) 

MAC-ICG- 1 : CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO II) 

MIN-ICG-l : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MAL-ICG-l : ACTAGATGAACGCGTAGTCCTTGT (SEQ ID NO IT) 

MCO-ICG-11 : TGGCCGGCGTGTTCATCGAAA (SEQ ID NO 20) 

MTH-ICC-U : GCACTTCAATTGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2 : GCGTGCrCITCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-ll : ACGCGTGGTCCITCGTGG (SEQ ID NO 23) 

MSC-ICG-1 : TCGGCTCGTTCTGAGTGGTGTC (SEQ ID NO 24) 

MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT (SEQ ID NO 27) 

MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC (SEQ ID NO 28) 

MKA-ICG-5 : CCCTCAGGGAmTCTGGGTGTTG (SEQ ID NO 182) 

MK.\-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC (SEQ ID NO 183) 

MKA-ICG-T : TCGGGCrTGGCCAGAGCTGTT (SEQ ID NO 184) 

MKA-ICG-8: GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9: GATGCGTrGCCCCTACGGG (SEQ ID NO 186) 

MKA-ICG-10 : CCCTACGGGTAGCGTOTTCTTTTG (SEQ ID NO 187) 
MCH-ICG-1 : GGTGTGGACTTTGACTTCTGAATAG (SEQ ID NO 29) 

MCH-ICG-2 : CGGCAAAACGTCGGACTGTCA (SEQ ID NO 30) 

MCH-ICG-3 : GGTGTGGTCCTTGACTTATGGATAG (SEQ ID NO 210) 
MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

MUL-ICG-l : GGTTTCGGGATGTTGTCCCACC (SEQ ID NO 175) 

MGV-ICG-1 : CGACTGAGGTCGACGTGGTGT (SEQ ID NO 176) 
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MGV-ICG-2 

MGV.ICG-3 
MXE-ICG-l 
MSI-ICG-l : 
MFO-ICG-1 : 
MFO-ICG-2 : 
MML-ICG-1 : 
MML-ICG-2 : 
MCE-ICG-1 : 
MHP-ICG-1 : 



GGTGTTTGAGCATTGAATAGTGGTrGC 

TCGGGCCGCGTGTTCGTCAAA 

GTTGGGCAGCAGGCAGTAACC 

CCGGCAACGGTTACGTGTTC 

TCGTrGGATGGCCTCGCACCT 

ACTTGGCGTGGGATGCGGGAA 

CGGATCGATrGAGTGCTTGTCCC 

TCTAAATGAACGCACTGCCGATGG 

TGAGGGAGCCCGTGCCTGTA 

CATGTTGGGCTTGATCGGGTGC 



(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 
(SEQ ID 



NO 1T7) 
NO 211) 
NO 178) 
NO 179) 
NO 180) 
NO 181) 
NO 188) 
NO 189) 
NO 190) 
NO 191) 



PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 3^) 

PA ICG 4 • TGA.ATGTrCGT(G/A)(G/A)ATGAACATrGATTTCTGGTC 

(SEQ ID NO 37) 

-A ICG 5 • CTCnTCACTGGTGATC^rrCAAGrCAAG (SEQ ID NO 38) 

MPN-ICGl: ATCGCrGGrAAATTAAACCCAAATCCCrGT (SEQ ID NO 49) 
NfPN-ICG2: CAGITCrGAAAGAACATITCCGCITCTTTC (SEQ ID NO 50) 
MGE-ICG 1 • CACCCATrAATrmTCGGrGrrAAAACCC (SEQ ID NO 51) 
Mycopla^ma-ICG : CAAAACTGAAAACGACAATCITrCTAGrrCC (SEQ ID NO 52) 
STAU-ICG 1 : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ID NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC 

^AU-ICG 3 : AACGAAGCCGTATGTGAGCAnTGAC 

STAU-ICG 4 : GAACGT.^ACTTCATGTrAACGnTGAdTAT 

ACI-ICG 1 : GdTAAGTGCACAGTGCTCTAAACTGA 

ACI-ICG 2 : CACGGTA.\TrAGTGTGATCTGACGAAG 

or equivalents of said probes, 

and/'or wherein the s« of probes comprises atleasc one ^on-specif:c probe derived from :he 
spac-r region sequence corresponding to one of the oiicro-organisms to be detected m said 
samole. said spacer region sec^ence being chosen from any of the sequences as represented 
by SEQ ID NO 76 to 106, 157 to 174. 124. 125. Ill to 115. 139 to 144. or 126 to 1.0. 
and with said probes or equivalents being possibly used in combination with any probe 
dete'-tin. at least one of the following organisms: HaemSEUM isftese. Sjmo£3^ 



(SEQ ID NO 54) 
(SEQ ID NO 55) 
(SEQ ID NO 56) 
(SEQ ID NO 57) 
(SEQ ID NO 58) 
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above menuoned orobes of the invenuon are designed for the detecuon of 
species (SEQ ID NO I to 33 and 175 to 191). of EssitoM 
t^^,, to 38). of species (SEQ ID NO 49 to 52). of Mnl^ 

IJ. (SEQ ID NO 53 to 56) and of Adnsisba^ bsamanii (SEQ ID NO 57 and 58). 
PreferentiaUy , at least two. three, four, five. six. seven, eight or tnore of said probes 

are used sinwitaneousiy. 

The mvMdon ^ rda«. to . method 3S d«cribed above, wherem satd sample B a 
^,e oten 6om *c cerebrospmal fluid, a^ wberem .he set of probes a. deserted m step 
Offl comprises a. tast one probe chosea ftom d« Mlowinj spacer probes: 

MVC..CG.22 : CrrCTGA..TAGTGarrOCGAGCATCr SEQ D NO 

K,..,CG-W GGGTGCATG.CAACAA.GnGGCC.. EQ.DNO 

^.,CG-3: GAmonCCAGGTGTTGTCCCAC (SEQmNO.) 

VtTB-ICG-3- CGGCTAGCGGTGGCGTQTTCT ° l 

^,CG . CA..CrrAACCGAGAATCATCrGAAAGTGAATC (SEQ ID NO 39) 

U^CCG.: AA..CAACCrrTACrrCarAGAAGTAA..TTGGrrAAC^_^^^^^ 

'^'"n::::"SrGCATcrA CSBq^no. 

nTCTGAATAGTGGTTGCGAGCATCT 

«B.,CG.l: (SEQIDNO*) 
Krr3-ICG-2: GACnGTTCCAGGTGTTGTCCCAC 



MYCCG-i: ACTGGATAOTGGTTGCGAGCA..tA 2, 

US.,CGn CAAGr-^CCOAGAATCATaGAAAOTGAATC CSHQ.DK03« 

UM0-ICG3: AGGCACTATGCTTOAAGCATCGC ^^^^Z^l 

USMCGl. CCrrrnCATAAGCGATCGCACGTT (SEQ ID NO 21.) 

or equivalents of said probes. 
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andyor wherein the set of probes comprises at least one taxon-specific probe derived from the 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 116. 118-121. or 213-215. 

and with said probes or equivalents being possibly used in combination with any probe 
detecting at least one of the fbUowing organisms: fifeisssm meTiffgmdis. H^einqptlito 
i nfluenzae or ^rfTtncoccus pnguniqiiia^. 

The above mentioned probes of the invention are designed for the detection of 
Mvrnhacterium spccies. and more particularly MycQt^agtyium tyt)ercul<?^i? (SEQ ID NO I 
to 5). and of Listeria species,' more particularly Listeria monocvtosenes (SEQ ID NO 39 to 
42). 

Preferentially, at least two. three, fo-ir, ?.v^,. six. seven, eight or more of said probes 

are used simultaneously. 

The invention also relates to a me±Qd as described above, wherein said sample is a 
sample taken from ±e urogenital trac-w, and wherein the set of probes as described in step (iii) 
comprises at least one probe chosen from the following spacer probes: 
CHTR-ICG 1 : GGAAGAAGCCTGAGAAGGnTCTGAC (SEQ ID NO 45) 

CHTR-ICG2: GCAnTATATGTAAGAGCAAGCATTCTAnTCA (SEQ ID NO 46) 
CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA (SEQ ID NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

CHPS-ICG 1 : GGATAACTGTCTTAGGACGGnTGAC (SEQ ID NO 48) 

MGE-ICG 1 : CACCCATrAATTmTCGGTGTTAAAACCC (SEQ ID NO 51) 
Mycoplasma-ICG : CAAAACTGAAAACGACA.\TCTTTCTAGTrCC (SEQ ID NO 52) 
or equivalents of said probes, 

and/or wherein ±e set of probes comprises at least one taxon-specific probe derived from ±e 
spacer region sequence corresponding to one of the micro-organisms to be detected in said 
sample, said spacer region sequence being chosen from any of the sequences as represented 
by SEQ ID NO 122, 123, 197, 124 or 125. 

with said probes or equivalents being possibly used in combination with any probe detecting 
at least one of the foUowing organisms: Neisseria gonorrhoeag, Haemophilus dugrevi or 

Streptococcus agalactiae. 

The above mentioned probes of the invention are designed for the detection of 
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p,lamvdia species (SEQ ID NO 45 to 48 and 201) and of VWcsElasma species (SEQ ID NO 
51 and 52). 

Preferentially, ai least two, three, four, five, six or seven of said probes are used 
simultaneously. 

The invenrion also relates to a method as described above, wherein said sample is a 
sample taken from food, and wherein the set of probes as defined in step (iii) comprises at 
least one probe chosen from the following spacer probes: 

LIS-ICG 1 : C\AGTAACCGAGAATCATCrGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 1 : AAACAACCTTTACTrCGTAGAAGT.^AATrGGTrAAG 

(SEQ ID NO 40) 

LMO-ICG 2: TGAGAGGTrAGTACTrCTCAGT.\Tr.TTTGTrC (SEQ ID NO 41) 
LMO-ICG 3 : AGGCACTATGdTGAAGCATCGC (SEQ ID NO 42) 

LIV-ICG 1 : GTrAGCATAAATAGGTA.\CTAnT.\TGACACAAGTAAC 

(SEQ ID NO 43) 

LSE-ICG 1 :AGTrAGCATAAGTAGTGTAACTArrTATGACACAAG (SEQ ID NO 44) 
LISP-ICG 1: CGTrTTCATAAGCGATCGCACGTT (SEQ ID NO 212) 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGAAT.\.V\GAGTr (SEQ ID NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATAACGTGAC (SEQ ID NO 54) 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4: GAACGTAACTTCATGTrA.\CG-nTGACTTAT (SEQ ID NO 56) 
BRU-ICG 1 : CGTCCCGCdTCGnTCTCnT (SEQ ID NO 59) 

BRU-ICG 2 ; TTCGdTCGGGGTGGATCTGTG (SEQ ID NO 60) 

BRU-ICG 3 : GCGTAGTAGCGTITGCGrCGG (SEQ ID NO 193) 

BRU-ICG 4 : CGCAAGAAGCTTGCTCAAGCC (SEQ ID NO 194) 

SALM-ICG 1 : CAAAACTGAdTACGAGTCACGTTrGAG (SEQ ID NO 61) 

SALM-ICG 2 : GATGTATGCTTCGTTATrCCACGCC (SEQ ID NO 62) 

STY-ICG 1 : GGTCAAACCTCCAGGGACGCC (SEQ ID NO 63) 

SED-ICGl : GCGGTAATGTGTGAAAGCGTTGCC (SEQ ID NO 64) 

YEC-ICG 1 : GGAAAAGGTACTGCACGTGACTG (SEQ ID NO 198) 

YEC-ICG 2 : GACAGCTGAAACTTATCCCTCCG (SEQ ID NO 199) 

YEC-ICG 3 : GCTACCTGTTGATGTAATGAGTCAC (SEQ ID NO 200) 

and preferably from the following spacer probes: 
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LIS-ICG I : CAAGTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LISP-ICG I: CGTnTCATAAGCGATCGCACGTT (SEQ ID NO 212) 

STAU-ICG I : TACCAAGCAAAACCGAGTGAATAAAGAGTT (SEQ ID NO 53) 
STAU.ICG2: CAGAAGATGCGGA-\T.\ACGTGAC (SEQ ID NO 5^) 

STAU-ICG 3: AACGAAGCCGTATCTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4: GAACGTAACTTCATGTrAACGnTGAdTAT (SEQ ID NO 56) 
BRU-ICG 2 : TTCGCITCGGGGTGGATCTGTG (SEQ ID NO 60) 

BRU-ICG 3 : GCGTAGTAGCGTITGCGTCGG (SEQ ED NO 193) 

BRU-ICG 4 : CGCAAGAAGdTGCTCAAGCC (SEQ ID NO 194) 

SALM-ICG 1 : CA^WiCTGACTTACGAGTCACGnTGAG (SEQ ID NO 61) 

YEC-ICG 1 : GGAAAAGGTACTGCACGTGACTG (SEQ ID NO 19S) 

YEC-ICG 2 : GACAGCTGAA.\CTTATCCCTCCG (SEQ ID NO 199) 

YEC-ICG 3 : GCTACCTGTTGATGT.^ATGAGTCAC (SEQ ID NO 2C0) 

or equivalents of said probes, 

and'or wherein the set of probes comprises at least one taxon-specific probe derived iom die 
spacer region sequence corresponding to one of die microKjrganisms to be d&tecxi in said 
sample, said spacer region sequence being chosen from any of die sequences as represened 
by SEQ ID NO 116. 118-121, 213-215, 139-144. 131, 132, 154, 133-138. 195 or 196. 
with said probes or equivalents being possibly used in combination with any probe detecting 
strains of Campylobacter species. 

The above mentioned probes of me invention are designed for the detection of Lissna 
species (SEQ ID NO 39 to 44), of Sta phylococcus species (SEQ ID NO 53 to 56), of 
Brucella species (SEQ ID NO 59, 60. 193 and 194), of MnansUa species (SEQ ID NO 61 
to 64) and of Yersinia enterocoliiica (SEQ ID NO 198 to 200). 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 

are used simultaneously. 

The invention also relates to a method as described above, wherein said sample is a 
sample taken from die gasnointesunal tract of a patient, and wherein the set of probes as 
detlned in step (iii) comprises at least one probe chosen from die following spacer probes: 
SALM-ICG 1 : CAAA.\CTGACTrACGAGTCACGTTTGAG (SEQ © NO 61) 

SALM-ICG 2 : GATGTATGCTTCGTTATrCCACGCC (SEQ ID NO 62) 
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STY-ICG I 

SED-ICG I 
YEC-ICG I 
YEC-ICG 2 
YEC-ICG 3 



(SEQ ID NO 63) 
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GGTCAAACCTCCAGGGACGCC 

GCGGTAATGTGTG.^^GCGTrGCC (SEQ ID NO 64) 

GGAAAAGGTACTGCACGTGACTG (SEQ ID NO 198) 

GACAGCrGAA..CITATCCCTCCG (SEQ ID NO 199) 

.GCrACCrGTrGATGT.>.ATGAGTCAC (SEQ ID NO 200) 

and preferably from the following spacer probes: 

SALM-ICG I : CAAAACrGAOTACGAGTCACGTITGAG (SEQ ID NO 61) 

Y^CGl- GGA^^^GGTACTGCACGrGACTG (SEQ ID NO 198) 

^C-ICG^ '- GACAGCrGAA..aTATCCCrCCG (SEQ ID NO 199) 

YEC-ICG 3 : GCrACCT'uITGATGTAATGAGrCAC (SEQ ID NO 200) 

or eauivalenis of said probes, 

and/or »h=re^ of p,ob« =o.cr«s a. len.. or. prob. d=m=d ™m 

spacer region »^e=« conespoadmg : one of ^cr^Tganism. to be dexctec m sa» 
«mpU. «id aacer region be-S oio«n ftom any of .he seouenees as repre.ea«d 

by SEQ ID NO 133-138 or 195-196, 

wid, said probes or ecpivalenrs being possibly used in combii>auon wid, any probe dereamg 

ram pvlobacter species. 

The above mendon«i probes of d.e invendon ae designed ro detect StesUl 
species (SEQ ,D NO 6. to «) and liSim SBSISSto (SEQ ID NO 198 to 100). 

Preferentially, at least two. three, four, five, sbc or seven of said probes are ^ 

simultaneously. . . . 

Tbe invention also relates to d.e use of d« selected probes or dteir equivalents tor m- 

detecdon of soecifc bacterial =.:ta. said t»n being either a complete genus, or a subgroup 
„id,in a genus, a specks, or even a subtype widtinaspec.es. 

tie invention ,l.us provides for a method as described above to detect and tdenmy 
or more strains of M-»a species and subspecies m a sample, wberem step (m) 
comprises hybridizing to at least one of d>e foUowing probes: 

MyC.,CG.l: ACTGOATACTIGGTrGCGAGCATCrA EQmKOl 
MYC-ICG-" ■ crrCTG.^AT.^GTGGTrGCGAGCATCT (S-Q © NO - 

MTB-lCG-i- GGGTGCATG.ACA.ACAAAGrrGGCCA (SEQ ID NO o) 

" "-^ ' .-^r-vrrTrrr»r (SEQ ID NO 4) 

MTB-ICG-: : G.^CTTGTTCiyiGGTGnTGTCCCAC W v 

KrrB.lCG-3: CGGCTAGCGGTGCCGTGTTCT (SEQ ID NO 5) 
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MAI-ICG-I : CAACAGCAAATGATTGCC^GACACAC (SEQ ID NO 6) 

MIL-ICG-ll: GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22: TGAGGGGTTCTCGTCrGTAGTG (SEQ ID NO 8) 

MAC-ICG-l: CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-1 : TCGCTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO U) 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MIN-ICG-2 : GCrGATGCGTTCGTCGAAATGTGTA (SEQ ED NO 13) 

MIN.ICG.22: CTGATGCGTTCGTCGAAATGTGT (SEQ ID NO 14) 

MIN-ICG-222 : TGATGCGTTCGTCGAAATGTGT (SEQ ID NO 15) 

MIN.ICG-2222 : GGCTGATGCGTTCGTCGAA.\TGTGTAA (SEQ ID NO 16) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCirGT (SEQ ID NO 17) 

MHEr-ICG-1 : TGGaCGA.\.\.\CCGGGTGCACA.\ (SEQ ID NO 18) 
MAH-ICG-1 : GTGT.^AmcnTnTAACTCTTGTGTGTAAGTAAGTG 

(SEQ ID NO 19) 

MCO-ICG-l 1 : TGGCCGGCGTGTTCATCGAAA (SEQ ID NO 20) 

VfTH-ICG-l 1 : GCACrrCA.\TrGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2: GCGTGGTCTrCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-U : ACGCGTGGTCCTTCGTGG (SEQ ID NO 23) 

MSC-ICG-l: TCGGCn-CGTTCTGAGTGGTGTC (SEQ ID NO 24) 
MKA-ICG-1 : GATGCGTITGCTACGGGTAGCGT (SEQ ID NO 25) 

MKA-ICG-2 : GATGCGTrGCCTACGGGTAGCGT (SEQ ID NO 26) 

MKA-ICG.3 : ATGCGTrGCCCTACGGGTAGCGT (SEQ ED NO 27) 

MILVlCG-4 : CGGGCn-CTGTTCGAGAGTTGTC (SEQ ID NO 28) 

MK.VlCG-5 • CCCrCAGGGATnTCTGGGTGTTG (SEQ © NO 182) 

MKA-ICG-6 : GGACrCCTrCCAAGAGTGTTGTCC (SEQ ID NO 183) 

MK.VlCG-7 : TCGGGCITGGCCAGAGCTGTr (SEQ ID NO 184) 

MILVlCG-8 : GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 
MK.VlCG-9: GATGCGTrGCCCCTACGGG (SEQ ID NO 186) 

MKA-ICG-10 : CCCTACGGGTAGCGTGTrcmTG (SEQ ID NO 187) 

MCH-ICG-1- GGTGTGGACnTGACTTCTGAATAG (SEQ ID NO 29) 

MCH-ICG-- • CGGCAAA.\CGTCGGACTGTCA (SEQ ID NO 30) 
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MGO-ICG-1 : AACACCCTCGGGTGCTGTCC (SEQ ID NO 31) 

MGO-ICG-2: GTATGCGTTGTCGTTCGCGGC (SEQ ID NO 32) 

MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

MUL-ICG-1 : GGnTCGGGATGTTGTCCCACC (SEQ ID NO 175) 

MGV-ICG-l : CGACTGAGGTCGACGTGGTGT (SEQ ID NO 176) 

MGV.ICG-2 : GGTGTTTGAGCATrGA.\TAGTGGTrGC (SEQ ID NO 177) 

MXE-ICG-1 : GTTGGGCAGCAGGCAGTAACC (SEQ ID NO 178) 

MSI-ICG-1 : CCGGCAACGGTTACGTGTrC (SEQ ID NO 179) 

MFO-ICG-1: TCGTTGGATGGCCTCGCACCT (SEQ ID NO 180) 

MFO-ICG-2 : ACTTGGCGTGGGATGCGGGAA (SEQ ID NO 181) 

MML-ICG-l : CGGATCGATTGAGTGCTrGTCCC (SEQ ID NO 188) 

MML-ICG-2 : TCT.\A.\TGA.\CGCACTGCCGATGG (SEQ ID NO 189) 

MCE-ICG-1 : TGAGGGAGCCCGTGCCTGTA (SEQ ID NO 190) 

MHP-ICG-1 : CATGTTGGGGTTGATCGGGTGC (SEQ ID NO 191) 
and more preferably to at least one probe of the following restricad group of spacer probes: 

MYC-ICG-1 : ACTGGATAGTGGTrGCGAGCATCTA (SEQ ID NO 1) 

MYC-ICG-22: CTrCTGA.\TAGTGGTrGCGAGCATCT (SEQ ID NO 2) 

MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GACTrGTrCCAGGTGTrGTCCCAC (SEQ ID NO 4) 

MTB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

MAl-ICG-1 : CAACAGC.\.\ATGATTGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-U: GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 

MAC-ICG-1 : CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-l: TCGGTCCGTGCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO 11) 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT (SEQ ID NO 17) 

MCO-ICG-11 : TGGCCGGCGTGTTCATCGAA.\ (SEQ ID NO 20) 

MTH-ICG-U : GCACTTCAAITGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2 : GCGTGGTCTTCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-U : ACGCGTGGTCOTCGTGG (SEQ ID NO 23) 
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MSC..CC.U TCGGCTCGTTCrGACTGGTOTC (SEQIDN0 24, 

MKA-ICG-3: ATGCOTTGCCCTACGGGTAGCGT (SEQ ID NO 17) 

MK.VICGJ: CGGGCTCTGrrCGAGAGTTGTC (SEQ ID NO 28) 

MKA.ICG-5: CGCrCAGGGATrrrCTGGCTGrrG (SEQ ID NO 182, 

MKA.ICG-6. GGA<n-C(7rCC.^..GAGTGTrGTCC (SEQ ID NO 183) 

MKA-ICG.7. TCGGGCrrGGCCAGAGCTCTT (SEQ ID NO 184) 

MKA-ICG.8. GG<rTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9: GATGCGrrGCCCCTACGGC (SEQ ID NO 186) 

MKA-ICG-10 : CCCrACGGGTAGCGTGTTCmTG , (SEQ ^ NO 187) 

MCH-ICG-l : GOrOTOGACrrTGACTraGAATAG (SEQ ID NO 29) 

MCH-ICG-- CGGCAAA-^CCrCGGACrCrrCA (SEQ ID NO 30) 

MCH-ICG-3 ■ CGTGTQGTCC7rGAC^/.TGGATAG (SEQ ID NO 210) 

MGCICG-J: CCTGAGGGCTCATCGTCTGTAG (SEQ ID NO 3.) 

MU'-ICG-l- GGTrrCGGGATGTTGTCCCACC (SEQ ID NO 175) 

MGV.ICG-1: CGACTGAGGTCGACGTGCn-GT (SEQ ID NO 176) 

MGV.ICG.7- GGr(jrrrGAGCATrGAATACTGGTrGC (SEQ ID NO 177) 

MGV-ICG.3- TCCGGCCCCCTGTrCQTCAAA (SEQ ID NO 211) 

L-IGG-l: CrrGGGCAGCAGGCAGTAACC (SEQ ID NO 178) 

^,CG.l: CCGCCAACGOrrAOTGrrC (SEQIDN0 179) 

^O^G-U TCCrrTGGATGCCCrCGCACCT (SEQ m NO ISO) 

MFO-ICG-2- ACrTGGCGTGGGATGCGCGAA (SEQ ID NO 181) 

■ L-ICG-l: CGGATCGATTGAGrGOrcrCCC (SEQ NO 188) 

L.,CG-2. TCTAAATOAACGCAaGCCGATGO (SEQ . NO 189, 

MCE-ICG-1- TGACGGAGCCCGTGCCTCrrA (SEQ ID NO 190, 

mS-Li: CATGrrGGGCrTGATCGGGTGC (SEQ ID NO 191) 
or to equivaleats of said probes, 

„d,or <o any probe toivcd from SEQ ID NO 76-110. or 157-174 provided sa.d probe 
Hybridizes specifically to a My<^"l'«"ni"l sp«i«- 

The secpence. represemed by SEQ ID NO 76-110 and 157-174 are new. 

Preferendally. at least two. three, four. five. six. seven, eight or more of said probes 

are used simulmeously. 

AS described above. d:e preferred restricted set of probes are those probes wh.ch 
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showed a sensiuvity and specinciry of more than 80%, preferably more than 90%. most 
preferably more than 95%, under the specirlc hybridizarion conditions as described in the 
examples section. 

In one specific embodiment, the invention provides for a mediod as described above 
to detect and identify one or more Mvcobacrerium mberculosis complex strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MTB-ICG-1 : GGGTGCATGACAACAAAGTTGGCCA (SEQ ID NO 3) 

MTB-ICG-2 : GAaTGTrCCAGGTGTTGTCCCAC (SEQ ID NO -t) 

VrrB-ICG-3 : CGGCTAGCGGTGGCGTGTTCT (SEQ ID NO 5) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 76 provided said probe hybridizes specifically 
to the M- tuberculosis complex. The M- tuberculosis cccplex 'omprises M- tuberculosis. 
M- bovis . M- bovis BCG, M- africanum and M- miSISS strains. 
The sequence represented in SEQ ID NO 76 is new. 
Preferentially, at least two, or three of said probes are used simultaneously. 
In another specific embodiment, the invention provides for a method as described 
above to detect and identic one or more Mvcobaaerium strains from the MAlS-complex, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MAMCG-1 : CAACAGCAAATGATTGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-U : GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22: TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 

MAC-ICG-1 : CACTCGGTCGATCCGTGTGGA (SEQ ID NO 9) 

MAV-ICG-1 : TCGGTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTTCATCGAAA (SEQ ID NO 11) 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MIN-ICG-2 : GCTGATGCGTTCGTCGAAATGTGTA (SEQ ID NO 13) 

MIN-ICG-22: CTGATGCGTTCGTCGAAATGTGT (SEQ ID NO 14) 

MIN.ICG-222 : TGATGCGTrCGTCGAAATGTGT (SEQ ID NO 15) 

MIN-ICG-2222 : GGCTGATGCGTTCGTCGAAATGTGTAA (SEQ ID NO 16) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT (SEQ ID NO 17) 

MHEF-ICG-l : TGGACGAAAACCGGGTGCACAA (SEQ ID NO 18) 

KL\H-ICG-l : GTGTAA lTlCri ' l I i i .\ACTCTTGTGTGTAAGTAAGTG 
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(SEQ ID NO 19) 

MCO-ICG-ll : TGGCCGGCGTGTrCATCGA.\A (SEQ ID NO 20) 

MTH-ICG-U : GCACTTCAATrGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH.ICG-2: GCGTGGTCTTCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-ll: ACGCGTGGTCCTTCGTGG (SEQ ID NO 23) 

MSC-ICG-1 : TCGGCrCGTTCTGAGTGGTGTC (SEQ ID NO 24) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 77-100 or 108-110. provided said probe 
hybridizes specifically to strains from die MAIS complex. The ^4AIS complex as defined in 
this invention comprises all strains of M- Sdmn. M- iptracsllulare and M- scrofulacemn and 
aU strains closely related to the above mendoned species and not clearly belonging to ano±er 
defmed Mvcnhacterium species. The l2r.er group of strains are defined in this invention as 
"MIC strains" (M- jnTncgllulare complex). 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 

are used simultaneously. 

In stm another specific embodiment, the invention provides for a method as described 
above, to detea and identify one or more IL avium and M. paratuberculo?is strains in a 
sample, wherein step (ui) comprises hybridizing to at least one of the foUowmg probes: 
MAV-ICG-1: TCGGTCCGTCCGTGTGGAGTC (SEQ ID NO 10) 

MAV-ICG-22 : GTGGCCGGCGTrCATCGA.\A (SEQ ID NO 11) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 77 and 78 provided said probe hybridizes 
specifically to M- avium or M- papfberculosis. 

The sequences as represented in SEQ ID NO 77 and 78 are new. 
Preferentially, diis embodiment uses both probes in combination. 
In still another speciilc embodiment, the invention provides for a mediod as described 
above to detect and identify one or more Mycobacterium iptracellujare strains and MIC- 
strains in a sample, wherein step (iii) comprises hybridizing to at least one of the following 
probes: 

MAI-ICG-1 : CA.\CAGCAAATGATrGCCAGACACAC (SEQ ID NO 6) 

MIL-ICG-11: GAGGGGTTCCCGTCTGTAGTG (SEQ ID NO 7) 

MIL-ICG-22 : TGAGGGGTTCTCGTCTGTAGTG (SEQ ID NO 8) 
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MAC-ICG-l : CACTCGGTCGATCCGTCrrGGA (SEQ ID NO 9) 

MIN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

MIN-ICG-2 : GCTGATGCGTTCGTCGAAATGTGTA (SEQ ID NO 13) 

MIN-ICG-22 : CTGATGCGTTCGTCGAAATGTGT (SEQ ID NO 14) 

MIN-ICG-222 : TGATGCGTTCGTCGAAATGTGT (SEQ ID NO 15) 

MIN-ICG-2222 : GGCTGATGCGTTCGTCGAAATGTGTAA (SEQ ID NO 16) 

MAL-ICG-1 : ACTAGATGAACGCGTAGTCCTTGT (SEQ ID NO 17) 

MHEF-ICG-l : TGGACGAAAACCGGGTGCACAA (SEQ ID NO 18) 

MAH-ICG-1 : GTGTAA'rri'Cl'1'l 1 1 lAACTCTTGTGTGTAAGTAAGTG 

(SEQ ID NO 19) 

MCO-ICG-U : TGGCCGGCGTGTTCATCGAAA (SEQ ID NO 20) 

MTH-ICG-11: GCACTTCA.\TrGGTGAAGTGCGAGCC (SEQ ID NO 21) 

MTH-ICG-2 : GCGTGGTCTTCATGGCCGG (SEQ ID NO 22) 

MEF-ICG-U: ACGCGTGGTCCTTCGTGG (SEQ ID NO 23) 

or to equivalents of said probes, 

and/or to any probe derived ffom SEQ ID NO 79. 80. 81. 82. 83 . 84. 85 . 86, 87. 88 , 89. 
90, 91, 92, 93, 94, 95. 96. 97. 98 or 99 provided said probe hybridizes specifically to M- 
mtracellulare strains and MIC-strains. 

The sequences as represented in SEQ ID NO 79, 80, 81. 82. 83, 84. 85, 86, 87. 88. 
89, 90. 91. 92, 93 , 94 , 95 , 96, 97, 98 or 99 are new. 

Preferentially, at least two, three, four, five, six, seven, eight or more of said probes 

are used simultaneously. 

In still ano±er specific embodiment, the invention provides for a method as described 
above, to detect and identify one or more Mycobacterium intracellulare strains in a sample, 
wherein step (iii) comprises hybridizing to at least the following probes : 

NflN-ICG-1 : GCATAGTCCTTAGGGCTGATGCGTT (SEQ ID NO 12) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 89 provided said probe hybridizes specifically 
to M- intracellulare strains. 

In still another specific embodiment, the invention provides for a method as described 
above, to detect and identify one or more Mycobacterium scrofujaceum strains in a sample, 
wherein step (iii) comprises hybrdizing to the following probe: 
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MSC-ICG-l : TCGGCTCGTTCTGAGTGGTGTC • (SEQ ID NO 24) 

or CO equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 100 provided said probe hybridizes 
specifically to M- scrofulaceum . 

The sequence as represented in SEQ ID NO 100 is new. 

In still another specinc embodiment, the inveniioa provides for a method as described 
above to detect and identify one or more Mycobacterium kansas^ j strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of die following probes: 
MKA-ICG-1 : GATGCGTrTGCTACGGGTAGCGT (SEQ ID NO 25) 

MKA-ICG-2 : GATGCGTTGCCTACGGGTAGCGT (SEQ ID NO 26) 

MKA-ICG-3 : ATGCGTTGCCCTACGGGTAGCGT (SEQ ID NO 27) 

MKA-ICG-4 : CGGGCTCTGTTCGAGAGTTGTC (SEQ ID NO 28) 

MKA-ICG-5 : CCCTCAGGGAnTTCTGGGTGTTG (SEQ ID NO 182) 

MKA-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC (SEQ ID NO 183) 

MKA-ICG-7 : TCGGGCTTGGCCAGAGCTGTT (SEQ ID NO 184) 

MKA-ICG-8 : GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9 : GATGCGTTGCCCCTACGGG (SEQ ID NO 186) 

MKA-ICG-10 : CCCTACCKjGTAGCGTG'I'I Ci'l'l'lG (SEQ ID NO 187) 

and more preferably to: 

MKA-ICG-3 : ATGCGITGCCCTACGGGTAGCGT (SEQ ID NO 27) 

MKA-ICG-4 : CGGGCTCTGITCGAGAGTrGTC (SEQ ID NO 28) 

MKA-ICG-5 : CCCTCAGGGATTTTCTGGGTGTTG (SEQ ID NO 182) 

MKA-ICG-6 : GGACTCGTCCAAGAGTGTTGTCC (SEQ ID NO 183) 

MKA-ICG-7 : TCGGGCTTGGCCAGAGCTGTT (SEQ ID NO 184) 

MKA-ICG-8 : GGGTGCGCAACAGCAAGCGA (SEQ ID NO 185) 

MKA-ICG-9 : GATGCGTTGCCCCTACGGG (SEQ ID NO 186) 

MKA-ICG-10 : CCCTACGGGTAGCGTGTTC 1 ' 1' I'l G (SEQ ID NO 187) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 101, 167, 168 or 169 provided said probe 
hybridizes specifically to M- kansasii . 

The sequences as represented in SEQ ID NO 101, 167, 168 and 169 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 
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In stiil another specific embodiment, the invention provides for a method as described 
above to detect and identify one or more Mycobacterium chelonae strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MCH-ICG-I : GGTGTGGACTTTGACrTCTGAATAG (SEQ ID NO 29) 

MCH-ICG-2 : CGGCAAAACGTCGGACTGTCA (SEQ ID NO 30) 

MCH-ICG-3 : GGTGTGGTCCTTGACTTATGGATAG (SEQ ID NO 210) 

or to et^ivalents of said probes, 

and/or to any probe derived from SEQ ID NO 102, 103 or 174 provided said probe 
hybridizes specifically to M- chelonae . According to another preferential embodiment, these 
three probes are used in combination. 

The sequences as represented in SEQ ID NO 102, 103 and 174 are new. 

In still another specific embodiment, the invenrinn provides for a method as described 
above to detect and identify one or more Mycobacterium gordonae strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MGO-ICG-1 : AACACCCTCGGGTGCTGTCC (SEQ ID NO 31) 

MG0-ICG.2 : GTATGCGTTGTCGTTCGCGGC (SEQ ID NO 32) 

MGO-ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

and more preferably to: 

MGO.ICG-5 : CGTGAGGGGTCATCGTCTGTAG (SEQ ID NO 33) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 104, 105 or 106 provided said probe 
hybridizes specifically to M- gordonae . 

The sequences as represented in SEQ ID NO 104 to 106 are new. 
Preferentially, at least two or three of said probes are used simultaneously. 
In still another specific embodiment, the invention provides for a metiiod as described 
above to detect and identify one or more Mycobacterium ulcerans strains or Mycobacterium 
marinum strains in a sample, wherein step (iii) comprises hybridizing to the following probe: 
MUL-ICG-1 : GGTTTCGGGATGTTGTCCCACC (SEQ ID NO 175) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 157 provided said probe hybridizes 
specifically to M- "Icerans and M- marinum . 

The sequence as represented in SEQ ID NO 157 is new. 
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In stiil another specific smbodimenL the invention provides for a method as described 
above to detect and idenrify one or more" Mycobacterium genavense strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MGV-ICG-l : CGACTGAGGTCGACGTGGTGT (SEQ ID NO 176) 

MGV-ICG-2 : GGTGnTGAGCATTGAATAGTGGTTGC (SEQ ID NO 177) 

MGV-ICG-3: TCGGGCCGCGTGTTCGTCAAA (SEQ ID NO 211) 

or to equivalents of said probes, 

and/or to any probe derived nrom SEQ ID NO 158. 159, 160. 161 or 162 provided said 
probe hybridizes specifically to M- genavense. 

The sequences as represented m SEQ ID NO 158 to 162 are new. 

As described in die oampies, M. genavense includes M- genavense strains sensu 
stricm and a group of closely related scains called M- jimiae-like. The former group of 
strains can be detected specifically with probe MGV-ICG-l while the latter group hybridizes 
specifically with probe MGV-ICG-3. Probe MGV-ICG-2 detects both groups. 

In still anodier specific embodiment, die invention provides for a method as described 
above to detect and identify one or more Mycobacterium zsnssi strains in a sample, wherein 
step (iii) comprises hybridizing to die following probe: 

MXE-ICG-I: GTTGGGCAGCAGGCAGT.\ACC (SEQ ID NO 178) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 163 provided said probe hybridizes 

specifically to M- 2te!iSEi- 

The sequence as represented in SEQ ID NO 163 is new. 

In still anodier specific embodiment, the invention provides for a mediod as described 
above to detect and identify one or more Mycobacterium simjae strains in a sample, wherein 
step (iii) comprises hybridizing to die following probe: 

MSMCG-1 : CCGGCAACGGTTACGTGTTC (SEQ ID NO 179) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 164 or 165 provided said probe hybridizes 
specifically to M- ?™iae. 

The sequence as represented in SEQ ID NO 164 or 165 is new. 

In still anodier specific embodiment, die invention provides for a method as described 
above to detect and identify one or more Mycobacterium forruitum strains in a sample. 
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wherein step (iii) comprises hybridizing co at least one of the the following probes: 
MFO-ICG-1 : TCGTTGGATGGCCTCGCACCT (SEQ ID NO 180) 

MFO-ICG-2 : ACTTGGCGTGGGATGCGGGAA (SEQ ID NO 181) 

or to equivalents of said probes or to any probe derived from SEQ ID NO 166 provided said 
probe hybridizes specifically to M- fpTO^tqm. 

The sequence as represented in SEQ ID NO 166 is new. 

In still another specific embodiment, die invention provides for a method as described 
above to detect and identify one or more Mvcobacterium celamm strains in a sample, 
wherein step (iii) comprises hybridizing to the following probe: 

MCE-ICG-1 : TGAGGGAGCCCGTGCCTGTA (SEQ ID NO 190) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 170 provided said probe hybridizes 
specifically to M- celatum. 

The sequence as represented in SEQ ID NO 170 is new. 

In still another specific embodunent, the invention provides for a method as described 
above to detect and identify one or more Mvcobacterium haemophilum strains in a sample, 
wherein step (iii) comprises hybridizing to the following probe: 

MHP-ICG-1 : CATGTTGGGGTTGATCGGGTGC (SEQ ID NO 191) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 171, 172 or 173 provided said probe 
hybridizes specifically to M- haerncohilum. 

The sequences as represented in SEQ ID NO 171 to 173 are new. 

In still anodier specific embodiment, die invention provides for a mediod as described 
above to detect and idenufy one or more Mvcobaaerium malmo^pse strains in a sample, 
wherein step (iii) comprises hybridizing to at least one of the following probes: 
MML-ICG-1 : CGGATCGATrGAGTGCTTGTCCC (SEQ ID NO 188) 

MML-ICG-2 : TCTAAATGAACGCACTGCCGATGG (SEQ ID NO 189) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 107 provided said probe hybridizes 
specifically to M. malmcense . 

The sequence as represented in SEQ ID NO 107 is new. 

In still another specific embodiment, the inventioa provides for a method as described 
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above to detec: and identify one or more MvcgbayeriMm sxrains in a sample, wherein step 
(iii) comorises hybridizing to at least one of the following probes: 
MYC-lCG-1 • ACTGGATAGTGGTTGCGAGCATCrA . (SEQ ID NO 1) 

MYC-ICG.22 : CTTCTGAATAGrGGTrGCGAGCATCT (SEQ ID NO 2) 

or to equivalents of said probes. 

According to a preferred embodiment, both probes are used in combination. 

The invention also provides for a mediod as described above to detea and identify 
one or more Mvcsciisna strains in a sample, wherein step Cm) comprises hybridizing to at 
least one of the following probes: 

MPN-ICGl: ATCGCTGGTAAATTAAACCC..AATCCCrGT (SEQ ID NO 4S0 
MPN-ICG2: CAGrTCTGAAAGA-^CATTTCCGCrrCnTC (SEQ ID NO 50) 
MGE-ICGl- CACCCATrAATrrnTCGGTCrr.^CCC (SEQ B NO 51) 
MycopU.ma.ICG : C.^CTGA.A.V.CGAC.A..TCTrrCrAGTrCC (SEQ ID NO 52, 
or to equivalents of said probes, 

^or «> any probe derived from SEQ ID NO 124 or 125 provided aid probe hybrids . 

specifically "iii M'^'"™ species. 

PreferendaUy, at least two. 4r=e or Sow of aid probes are u«d simul.ai«o.^ly. 

More panicuiarly. the invendon provides for a med>od as described above to detect 
^ idedtify o« or more toto BM« ^ ' ^^P''' =^ 
comprises hybridizing to at tot one of the following probes; 

MPN-ICOl: ATCGGTGGTA.^TTAAACCCAAATCCCr(ir (SEQ m NO 9 
rM.lc0 2. CAGrrCrOAAAGAACTrTCCGCrrCTTTC (SEQ ID NO 50) 

or to equivalents of said probes, ^ ^ , 

^„ ,0 any probe derived *om SEQ ID NO 125 provided said probe ybn^ 

specificall, to — i^' "=«^ " ' ""^"^ 

probes are used in combination. 

The sequence as represented in SEQ ID NO 125 b new. 

,n another particular embodiment, the invendon pr^ides for a method as desa*ed 
abovetodetectand identify oneor more Mm—n^-^-^^^P"'""'"" 
steo Oii) comprises hybridizing to the foUowing probe: 

7olLu CACCCATTAATrmrCGGTCTTAAAACCC (SEQ ID NO 51) 

or to equivalents of said probes. 
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and/or to any probe derived from SEQ ID NO 124 provided said probe hybridizes 
specifically to Mvcoplasina genitalium . 

The sequence as represemed in SEQ ID NO 124 is new. 

The invention also provides for a method as described above to detect and identify 
one or more Pseudomonas strains in a sample, wherein stqj (iii) comprises hybridizing to at 
least one of the following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 2 : TGAATGTTCGTGGATGAACATTGATT (SEQ ID NO 35) 

PA-ICG 3 : CACTGGTGATCATrC.\AGTCAAG (SEQ ID NO 36) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGA\CATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5: CTCnTCACTGGTGATCATTC\AGTC.AAG (SEQ ID NO 38) 

or to equivaieas of said probes, 

and/or to any probe derived from SEQ ID NO 111, 112, 113, 114 or 115 provided said 
probe hybridizes specifically to Pseudomonas strains. 

The sequneces as represented in SEQ ID NO 111 to 115 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

More particularly, the invention provides for a method as described above to detect 
and identify one or more Pseudomonas aeruginosa strains in a sample, wherein step (iii) 
comprises hybridizing to at least one of die following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ED NO 34) 

PA-ICG 2: TGAATGTTCGTGGATGAACATTGATT (SEQ ID NO 35) 

PA-ICG 3: CACTGGTGATCATTCAAGTCAAG (SEQ ID NO 36) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5: CTCTTTCACTGGTGATCATTCAAGTCAAG (SEQ ID NO 38) 

and most preferably to at least one of the following probes: 

PA-ICG 1 : TGGTGTGCTGCGTGATCCGAT (SEQ ID NO 34) 

PA-ICG 4 : TGAATGTTCGT(G/A)(G/A)ATG.\.\CATrGATITCTGGTC 

(SEQ ID NO 37) 

PA-ICG 5: CTCnTCACTGGTGATCATTCAAGTCAAG (SEQ ID NO 38) 

or to equivalents of said probes. 
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and/or to any probe derived from SEQ ID NO 111 provided said probe hybridizes 
specifically to pseadotnonas r^^rugipo^^- 

The sequence as represented in SEQ ID NO 1 1 1 is new. 

Preferentially, at least two. three, four or five of said probes are used simultaneously. 

The invention also provides for a mediod as described above to detect and ideaiify 
one or more '^ranhvlococcus species in a sample, wherein step (iii) comprises hybridizing to 
at least one of the following probes: 

STAU-ICG 1 : TACCAAGCAAAACCGAGTGA.\TAAAGAGTr (SEQ ID NO 53) 
STAU-ICG 2 : CAGAAGATGCGGAATA.\CGTGAC (SEQ ID NO 54) 

STAU-ICG 3 : AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4 : GAACGTAACTTCATGTrAACGTTTGACTTAT (SEQ ID NO 56) 
or to equivalents of said probes. 

and/or to any probe derived from SEQ ID NO 139. 140, 141. 142 .143 or 144 provided said 
probe hybridizes specifically to .SfaphvlQcoccu^ species. 

The sequences as represented in SEQ ID NO 139 to 144 are new. 
Preferentially, at least two. three or four of said probes are used simultaneously. 
More particularly, the invention provides for a method as described above to detect 
and identify one or more ■■^n phvlococcus aureus strains in a sample, wherein step (iu) 
comprises hybridizing to at least one. and preferably both of the following probes: 
STAU-ICG 3: AACGAAGCCGTATGTGAGCATTTGAC (SEQ ID NO 55) 

STAU-ICG 4 : GA^^CGTAAOTCATCTrAACGnTGACTrAT (SEQ ID NO 56) 
or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 139. 140. 141. 142 or 143 provided said 
probe hybridizes specifically to Sf^phvlccoccus aureus. Accordmg to a preferred 
embodiment, both these probes are used in combijiation. 

In another specific embodiment the invention provides for a method as described, 
above to detect and identify one or more .Sraphvlococcus epidermidis strains in a sample, 
wherein step (iii) comprises hybrdizing to any probe derived from SEQ ID NO 144 as long 

as this probe can be caused to hybridize specifically to .ScaphvlQcpccu^ epidermidis . 

The invention also provides for a method as described above to detect and identify 

one or more ^rinetobacter strains in a sample, wherein step (iii) comprises hybridizbg to 

at least one of the following probes: 
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ACMCG I : GCITA.^GTGCACAGTGCrCTAAACTGA ' (SEQ ID NO 57) 
ACMCG 2 : CACGGTAATTAGTGTGATCTGACGAAG (SEQ ID NO 58) 

or to equivaleats of said probes, 

and/or to any probe derived from SEQ ID NO 126. 127. 128. 129 or 130 provided said 
probe hybridizes specifically to Acinewt?affyr sp.. According to a preferred embodiment, 
both these probes are used in combination. 

The seouences as represented in SEQ D NO 126 to 130 are new. 

More particularly, the invention provides for a method as described above to detect 
and identify one or more Acinetebactei strains in a sample, wherein step (iii) 

comprises hvbridizing to at least one of the following probes: 

ACMCG 1 • GCTTAAGTGC^CAGTGCTCT.^AACrGA (SEQ ID NO 37) 

ACMCG 2 : CACGGTAATT.^GTGTGATCTGACG.^^G (SEQ ID NO 58) 

or to equivalents of said probes, 

and/or to any probe derived ffom SEQ ID NO 126 provided said probe hybridizes 
specifically to Acineto^ feaunmnii. According to a preferred embodiment, bodi diese 

probes are used in combinatioa, 

Tne invention also provides for a method as desaibed above, to detect and identify 
one or more Lto strains in a sample, wherein step Ciii) comprises hybridizing to at least 
one of the following probes: 

US-ICGl: C^^GTAACCGAGA.^TCATCTGAAAGTGAATC (SEQ ID NO 39) 

LMO-ICG 1 • A.\ACAACCnTACTrCGTAGAAGTAA.\TrGGTrAAG 

^ ■ (SEQ ID NO 40) 

LMO-ICG ^ • TGAGAGGTrAGTACTrCTCAGTATGTITGTrC (SEQ ID NO 41) 

LMO-ICG 3 : AGGCACTATGCTTGAAGCATCGC (SEQ ID NO 42) 

LTV ICG 1 • GTrAGCATA.^\TAGGTAACrAnTATGACACAAGTAAC 

^ • (SEQ ID NO 43) 

LSE-ICG 1 • AGTTAGCATAAGTAGTGTAACTAnTATGACACAAG 

LISP-ICG 1: CGTrrrCATA.XGCGATCGCACGrr (SEQ ID NO 212) 

and most preferably to at least one of the following probes: 

US-ICG 1 • C^GTAACCGAGAATCATCTGAAAGTGAATC (SEQ ID NO 39) 
LMO-ICG 3 • AGGCACTATGCITGAAGCATCGC (SEQ ID NO 42) 

LISP-ICG I : CGTnTCAT.A.\GCGATCGCACGTr (SEQ ID NO 212) 
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or 03 equivaleac of said probes, 

and/or to any probe derived from SEQ ID NO 116. 118. 119. 120. 121, 213, 214 or 215 
provided said probe hybridizes specifically u) Lissna species. 

AS described in the examples section. Listeria species encompass Ustena species 
sensu stricm. and a group of cioseiy related organisms referred to as 'LiSSria-like 
orgamsms-. The latter group can be specifically recognized by probe LISP-ICG 1. 

The sequences as represented in SEQ ID NO 116, 118 to 121 and 213 to 215 are 



new. 



Preferentially, at least two. three, four, five or six of said probes are used 
simultaneously. 

More particularly, the invention provides for a method as described above, to detect 
and identify one or more Liberia .amrasgsnss strains in a sample, wherein step (iii) 
comprises hvfaridizing to at least one of the following probes: 

LMO-ICG i :AA.XCAAC(nTrACTTCGTAGA.^GT.^^-^TrGGTr.^^G(SEQ ID NO 40) 
LMO-ICG 2 : TGAGAGGTTAGTACTrCTCAGTATGTITGTrC (SEQ ID NO 41) 
LMO-ICG 3 : AGGCACTATGCITGAAGCATCGC (SEQ © NO 42) 

and most preferably to the following probe: 

LMO-ICG 3: AGGCACTATGCITGAAGCATCGC (SEQ ID NO 42) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 120 provided said probe hybridizes 
specifically to LiSISlia ^nr^r>rvractne&. 

Preferentially, at least two. or three of said probes are used simultaneously, 
•nxe invention also provides for a method as described above to detect and identify 
more amssila strains in a sample, wherein step Oil) comprises hybridizing to at least 



one or 



one of the following probes: 

BRU-ICGl- CGTGCCGCCtTCarrrCTCm (SEQIDNO^S.) 

BRU-ICG'- -rrCGCITCGGGOTGGATCTCTG (SEQ tt) NO 60) 

BRU-ICG3- GCCTTACrrAGCffnTGCGTCGG (SEQ ID NO 193) 

BRU-ICG4: CGCAAGA.«CrTGCrCA..GCC (SEQ ID NO 194) 
and most preferably lo « to ok of foUowmj protes: 

BRUICG'- TTCGCrrCGGGCrrCGATCn-GrG (SEQ ID NO 60) 

BRU-ICG3: GCGTAGTAGCGITrGCGTCGG (SEQ ID NO 193) 
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BRU-ICG 4 : CGC\AGAAGCTrGCTC.\AGCC (SEQ ID NO 194) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 131, 132 or 154 provided said probe 
hybridizes specifically to Bnjcel^ strains. 

The sequences as represented in SEQ ID NO 131, 132 and 154 are new. 
The invention also provides for a method as described above to detect and identify 
one or more SainiiZIlSila strains in a sample, wherein step (iii) comprises hybridizing to at 
least one of the following probes: 

SALM-ICG I : C.^AAACTGACTTACGAGTCACGTITGAG (SEQ ID NO 61) 

SALM-ICG 2 : GATGTATGCTTCGTrATrCCACGCC (SEQ ID NO 62) 

STY-ICG 1 : GGTCAA\CCTCCAGGGACGCC (SEQ ID NO 63) 

SED-ICG 1 : GCGGTA^TGTGTGAAAGCGTTGCC (SEQ ID NO Si) 

and most preferably to the following probe: 

SALM-ICG 1 : CAA.\ACrGACTrACGAGTCACGTTTGAG (SEQ ID NO 61) 

or to equivalents of said probes, 

and/or to any probe derived from SEQ ID NO 133. 134. 135. 136. 137 or 138 provided said 
probe hybridizes specifically a> Saiinpnel^ strains. 

The sequences as represented m SEQ ID NO 133 to 138 are new. 

Preferentially, at least two, three, or four of said probes are used simultaneously. 

The invention also relates to a method as described above to detect and identify one 
or more Chlarnvdia strains in a sample, wherein step (iii) comprises hybridizing to at least 
one of the following probes: 

CKTR-ICG 1 : GGA.\GAAGCCTGAGAAGGTnCTGAC (SEQ ID NO 45) 

CHTR-ICG2: GCAnTATATGTA\GAGCAAGCATrCTATTTCA (SEQ ID NO 46) 
CHTR-ICG 3 : GAGTAGCGTGGTGAGGACGAGA (SEQ ID NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

CHPS-ICG 1 : GGATAXCTGTCITAGGACGG-nTGAC (SEQ ID NO 48) 

or to equivaleats of said probes, 

and/or to any probe derived from SEQ ID NO 122, 123 or 197 provided that said probe 
hybridizes specirlcally to Chlamydia strains. 

Preferentially, at least two. three, four or five of said probes are used simultaneously. 

More particularly, the invention relates to a method as described above to detect and 
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identify one or more QUamidia S2^mm stains in a sample, wherein step (iii) comprises 
hybridizing to at least one of the following probes: 

CHTR-ICG 1 • GGAAGAAGCCTGAGAAGGnrCTGAC (SEQ ID NO 45) 

CHTR ICG • GCAnTATATGT.\AGAGCAAGC\rrCTATrrCA (SEQ ID NO 46) 
CirrR-ICG 3 • GAGTAGCGTGGTGAGGACGAGA (SEQ ID NO 47) 

CHTR-ICG 4 : GAGTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

or to equivaients of said probes, 

and/or to any probe derived from SEQ ID NO 123 or 197 provided said probe hybridizes 
specifically to riilamvdia trachgrnatj?. 

The sequences as represented in SEQ ID NO 123 and 197 are new. 

Preferentially, at least two, three or four of said probes are used simultaneously. 

In ano±er particular embodiment, the invention provides for a method as described 
above to detect and identify one or more Qiiamvdia aiisaci strains in a sample, wherein step 
(iii) comorises hybridizing to at least the following ?ro-oe: 

CHPS-ICG 1 : GGATAACrGTCrrAGGACGGTTTGAC (SEQ ID NO 48) 

or to equivalents of said probe, 

and/or to any probe derived from SEQ ID NO 122 provided said probe hybndizes 
specifically to rhlamvdia psitiaci. 

•me sequence of SEQ ID NO 122 is new. 

The invention also provides for a method as described above, to detect one or more 
S^estosoccu, strains m a sample, wherein step (iii) comprises hybridizing to any prooe 
derived from SEQ ID NO 145. 146, 147. 148, 149. 150. 151. 152 or 153 provided sa.d 
probe hybridizes specifically to SssataSflccus strains, or equivalents of diese probes. 

•mesequencesasrepresentedinSEQIDNOUS. 146, 147. 148, 149, 150. 151. 

or 153 are aew. 

Tie tavenuoa also provide, for a meiod as descritad above, »> detect one or aior- 
YenMa effiaBdisia stnim m a sample. «hereto s«=p (Bi) comprises hybridizing to at least 

one of the following probes : ,„„ „ „rs i o^^ 

YEC-ICG 1 • GGAAAAGCTACTGCACCTGAOG (SEQ ID NO 198) 

YECICG^'gACAGCTGA-^CITATCCCTCCG (SEQ id no 199) 

YECICG 3 : GCTACCrGTTGATOTA.ATGAGTCAC (SEQ ID NO 200) 

or to equivalents of said probes, 
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and/or to any probe derived from SEQ ID NO 195 or 196, provided said probe hybridizes 
specifically to Yersinia enterocolicica . 

The sequences as represented in SEQ ID NO 195 and 196 are new. 

In some cases it may be advantageous to amplify not all organisms present in a 
sample, but only more specific taxa, whicii are considered to be relevant. In iese cases the 
fflvenuon provides for primers allowing die specific amplification of the spacer region for 
only those beforehand defined taxa. 

The invention thus provides for a method as described above 'jo desc: and idennfy 
specifically Chlamydia trachomatis in a sample, wherein step (ii) comprises amplificarion of 
the 16S-23S rRNA spacer region or a part of it, using at least one of ie foilcwing primers: 

CHTR-Pl : AAGGnTCTGACTAGGTTGGGC (SEQ ID NO 69) 

CHTR-P2 : GGTGAAGTGCTTGCATGGATCT (SEQ ID NO 70) 

or equivalents of these primers, said equivalents differing in sequence n'om ±e above 
menuoned primers by changing one or more aucieotides, provided that said equivaieats still 
amplify specifically the spacer region or pan of it from Chlamvdia trachomads . 

Preferably both primers are used. 

The invention also provides for a method as described above to detect and identify 
specifically Listeria species in a sample, wherein step (ii) comprises amniificidon of the 16S- 
23S rRNA spacer regioa or a pan of it, using at least one of the following primers: 

LIS-Pl : ACCTGTGAGTTTTCGTTCITCTC (SEQ ID NO 71) 

LIS-P2 : CTATTTGTrCAGTnTGAGAGGTT (SEQ ID NO 72) 

LIS-P3 : ATrrrCCGTATCAGCGATGATAC (SEQ ED NO 73) 

LIS-P4 : ACGAAGTAAAGGTran i'l ICT (SEQ ID NO 74) 

LIS-P5 : GAGAGGTTACTCTCrnTATGTCAG (SEQ ID NO 75) 

LIS-P6 : CTTTTATGTCAGATAAAGTATGCAA (SEQ ID NO 202) 

LIS.P7 : CGTAAAAGGGTATGATTATTTG (SEQ ID NO 203) 

or equivalents of these primers, said equivaieats differing in sequence from the above 
mentioned primers by changing one or more aucleoudes, provided that said equivalents still 
amplify specifically the spacer region or part of it from Listeria species. 

The invention also relates to a method as described above to detect and identify 
specifically Mycobacterium species in a sample, wherein step (ii) comprises amplification of 
the 16S-23S rRNA spacer region or a part of it, using at least one of the following primers: 
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MYC-Pl: TCCCITGTGGCCTGTGTG (SEQ ID NO 65) 

MYC-P2: TCCTTCATCGGCTCTCGA (SEQ ID NO 66) 

MYC-P3: GATGCCAAGGCATCCACC (SEQ ID NO 67) 

MYC.P4: CCrCCCACGTCCITCATCG (SEQ ID NO 68) 

MYC-P5: CCTGGGnTGACATGCACAG (SEQ ID NO 192) 

or equrvalenis of tbese primers, said equivalents differing in sequence from the above 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region or pan of it from Mycobacterium species. 

The invention also provides for a method as described above to detect and identify 
specifically Brucella species in a sample, wherein step C") comprises amplification of die 
16S-23S rRNA spacer region or part of it, using at least one of the following primers : 

BRU-Pl : TCGAGAATrGGA.\.\GAGGTC (SEQ ID NO 204) 

BRU-P2 : AAGAGGTCGGATITATCCG (SEQ ID NO 205) 

BRU-P3 : TTCGACTGCAAATGCTCG (SEQ ID NO 206) 

BRU-P4: TCTTAAAGCCGCATTATGC (SEQ ID NO 207) 

or equivalents of diese primers, said equivalents differing in sequence from the above- 
mentioned primers by changing one or more nucleoddes, provided that said equivalents still 
amplify specifically the spacer region of pan' of it from Brucella species. 

The invention also provides for a method as descr&ed above to detect and identify 
specifically Yersinia enterocQlitica species in a sample, wherem step (ii) comprises 
amplification of the 16S-23S rRNA spacer region or pan of it, using at least one of the 
following primers : 

YEC-Pl : CCTAATGATATTGATrCGCG (SEQ ID NO 208) 

YEC-P2 : ATGACAGGTrAATCCTTACCCC (SEQ ID NO 209) 

or equivalents of these primers, said equivalents differing in sequence from the above- 
mentioned primers by changing one or more nucleotides, provided that said equivalents still 
amplify specifically the spacer region of pan of it from Yersinia enterocolitica species. 

The invention also provides for a composition comprising at least one of the probes 
and/or primers as defined above. 

Said composition may comprise any carrier, suppon, label or diluent Lmown in the 
art for probes or primers, more particularly any of the labels or supports detailed in the 
definitions section. 
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The invention relates more pancularly to isolated probes and primers as denned 
above, more particularly any of the probes as specified in Table la or any of the primers as 

specified in Table lb. 

According to anciner embodiment, the present invention relates also to new spacer 
region sequences as defmed above and as set out in figures 1-103 (SEQ ID NO 76 to 154. 
SEQ ID NO 157 to 174, SEQ ID NO 195 to 197 and SEQ ID NO 213 to 215). 

In another embodiment die inveniion provides for a reverse hybridization mediod 
comprising any of the probes as defined above, wherein said probes are immobilized on a 
known location on a solid support, more preferably on a membrane strip. 

In yet another embodiment die invention provides for a kit for the detection and 
ideniincation of at least one micro-organism, or the simultaneous detecaon and identification 
of several micro-organisms in a sample, comprising the foilowing ccmponeats: 

(i) when appropiaie. at least one suitable primer pair xo allow amplification of the 
intercistroaic 16S-23S rRNA spacer region, or a part of it; 

(ii) at least one of the probes as defmed above; 

(ui) a buffer, or components necessrry to produce the buffer, enabling a 

hybridization reaction between said probes and the polynucleic acids present 

in the sample, or the anq)lified products thereof; 
(iv) a solution, or components necessary to produce the solution, enabling washing 

of die hybrids formed under die appropiate wash conditions; 
(V) when appropiate, a means for detecting the hybrids resulting from the 

preceding hybridization. 
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Fig 1 : represents the DNA sequence of the 16S-23S rRNA spacer region from 

Mycobacterium tuberculosis strain H37RV ATCC 27294 (SEQ ID NO 76) 

Fig 2 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
5 Mveobacierium avium ATCC 15 1.769 (ITG 4991) (SEQ ID NO 77) 

Fig 3 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium paratuherculosis strains 316F and 2E (SEQ ID NO 78) 

Fis 4 : represents the DNA sequence of die 16S-23S rRNA spacer region from 
Mvctibacrerium strain ITG 5513 (SEQ ID NO 79) 

10 Fig 5 : represents the DNA sequence of tlie 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8695 (SEQ ID NO 80) 

Fi2 6 : represents the DNA sequence of the 16S-23S rRNA spacer region from 

Mycobacterium strain ITG 8708 (SEQ ID NO 81) 

Fis 7 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
15 Mycobacterium strain ITG 8715 (SEQ ID NO 82) 

Fis 8 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium' strain ITG 8054 (SEQ ID NO 83) 

Fis 9 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium sffain ITG 8737 (SEQ ID NO 84) 

20 Fis 10 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8743 (SEQ ID NO 85) 
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Fig II : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mvcnhacterium Strain ITG 8745 (SEQ ID NO 86) 

Fig 12 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mvcnhacterium strain ITG 8748 (SEQ (D NO 87) 

5 Fig 13 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 8752 (SEQ ID NO 88) 

Fig 14 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
^(vcnhacterium intracelluiare serovar i2 ITG 5915 (SEQ ID NO 89) 

Fis 15 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
10 Mycobacterium lufii ITG 4755 (SEQ ID NO 90) 

Fig 16 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5922 (SEQ ID NO 91) 

Fi2 17 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mvcohacierium strain ITG 1329 (SEQ ID NO 92) 

15 Fig 18 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mvcnhacterium strain ITG 1812 (SEQ ID NO 93) 

Fig 19 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5230 (SEQ ID NO 94) 

Fig 20 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
20 Mvcnhacterium strain ITG 5620 (SEQ ID NO 95) . 

Fig 21 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
Mycobacterium strain ITG 5765 (SEQ ID NO 96) 
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Fig 22 : represents the DNA sequence of the 16S-23S rRNA spacer region frotn 
Mvrnhacterium ITG 7395 (SEQ ID NO 97) 

Fig 23 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
^fvrnhacterium ITG 8738 (SEQ ID NO 98) 

5 Fig 24 : represents the DNA sequence of the 16S-23S rRNA spacer region from 
l^vrnhacterium ITG 926 (SEQ ID NO 99) 

Fig 25- represents the DNA sequence of the 16S-23S spacer region from 
MvcQbasteimm fSimsSSm rrC 4988 (SEQ ID NO 100) 



Fig .6- represents the DNA sequence of the 165-235 spacer region from 
,0 " MySSiMm ATCC 22478 ( = ITG 4987) (SEQ ID NO 101) 

Fig 27- represents the DNA sequence of the 165-235 spacer region from 

^^vcstoiium chsisuas ^is^ rro 4975 (seq id no 102) 

Fic28- represents the DNA sequence of the 16S-23S spacer region from 
Mvcabasisdmn cbslfioae sbslSDSe ITG 9855 (SEQ ID NO 103) 

15 Fig 29: represents the DNA sequence of the 16S-23S spacer region from 

l^vcstoDiM gaitos n-G 7703 (seq id no io4) 

Fig 30- represents the DNA sequence of the 165-235 spacer region from 
l^vcotorim g^^donae ITG 7836 (SEQ ID NO 105) 



20 



Fio 31 • represents the DNA sequence of the 165-235 spacer region from 
Micsbacterium gaite ITG 8059 (SEQ ID NO 106) 

Fie 32- represents the DNA sequence of the 16S-23S spacer region from 
" ■ Mvcsfaactenumma^ 
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Fig 33: represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhacterium Strain 8757 (SEQ ID NO 108) 

Fig 34: represents the DNA sequence of the 16S-23S spacer region from 
. Mvrnhacierium ITG 8723 (SEQ ID NO 109) 

5 Fig 35: represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhacterium ITG 8724 (SEQ ID NO 110) 

Fig 36 : represents the DNA sequence of the 16S-23S spacer region from P^eucjomona? 
agmginosa UZG 5669 (SEQ ID NO 111) 

Fig 37 : represents the DNA sequence of the 16S-25S spacer region from g^eudo^Qnas 
10 p^PnHnalraliaenes LMG 1225 (SEQ ID NO 112) 

Fig 38 : represents the DNA sequence of the 16S-23S spacer region from fseutoZSM 
stutzeri LMG 2333 (SEQ ID NO 113) 

Fig 39 : represents the DNA sequence of the 16S-23S spacer region from fgejidanmnas 
alcaligenes LMG 1224 (SEQ ID NO 114) 



15 Fig 40 



represents the DNA sequence of the 16S-23S spacer region from fssadsiUfiSM 
putida LMG 2232 (SEQ ID NO 115) 



Fig 41 : represents the DNA sequence of the small 16S-23S spacer region from 
Listeria ivanovii CIP 7842 (SEQ ID NO 1 16) 

Fig 42 : represents the DNA sequence of the small 16S-23S spacer region from 
2Q Listeria monocytogenes (SEQ ID NO 117) 

Fi2 43 : represents the DNA sequence of the small 16S-23S spacer region from 
Listeria ^eligeri serovar 4A nr. 4268 (SEQ ID NO 1 18) 
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Fig 44 : represents the partial DNA sequence of the large 16S-23S spacer region from 
partial sequence of the long spacer region of Umm mssm CIP 7842 (SEQ 
ID NO 1 19) 

Fig 45 : represents the DNA sequence of the large 16S-23S spacer region from LisSSlii 
monnc^/togenes IHE serovar 4B (SEQ ID NO 120) 

Fig 46 : represents the DNA sequence of the large 16S-23S spacer region from Lisism 
SSsiigsri serovar 4A nr. 4268 (SEQ ID NO 121) 

Fig 47 : represents the DNA sequence of the 16S-23S spacer region from Chiamvdia 
psitiaci 6BC (SEQ ID NO 122) 



10 Fi2 48 : 



represents the DNA sequence of the 16S-23S spacer region from Chiamvdia 
trachomatis (SEQ ID NO 123) 



Fia 49 : represents the DNA sequence of the 16S-23S spacer region from MvcoEla§ma 
genitalium (U. Gobel) (SEQ ID NO 124) 

Fig 50 : represents the DNA sequence of the 16S-23S spacer region from Mvcoolasma 
15 pneumoniae ATCC 29432 (SEQ ID NO 125) 

Fig 51: represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter baumanii LMG 1041 (SEQ ID NO 126) 

Fig 52 : represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter caicoaceticus LMG 1046 (SEQ ID NO 127) 

20 Fig 53 : represents the DNA sequence of the 16S-23S spacer region from 
frrtnetobacter haemolviicus LMG 996 (SEQ ID NO 128) 

Fig 54: represents the DNA sequence of the 16S-23S spacer region from 
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Acinetobac:er iohnsonii LMG 999 (SEQ ID NO 129) 

Fig 55 : represents the DNA sequence of the 16S-23S spacer region from 
Acinetobacter iunti LMG 998 (SEQ ID NO 130) 

Fig 56 : represents the DNA sequence of the 16S-23S spacer region from Bmcella 
5 meHtensis NIDO Biovar I (SEQ ID NO 131) 

Fig 57 : represents the DNA sequence of the 16S-23S spacer region from Brucella Hiis 
NIDO Biovar 1 (SEQ ID NO 132) 

Fig 58 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella dublln (SEQ ID NO 133) 

10 Fig 59 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella dublin (SEQ ID NO 134) 

Fig 60 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella enteritidis (SEQ ID NO 135) 

Fig 61 : represents the DNA sequence of one of the 16S-23S spacer region from 
15 Salmonella enteritidis (SEQ ID NO 136) 

Fig 62 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella tvphimurium (SEQ ID NO 137) 

Fig 63 : represents the DNA sequence of one of the 16S-23S spacer region from 
Salmonella tvrihimurium (SEQ ID NO 138) 

20 Fig 64 : represents the DNA sequence of one of the 16S-23S spacer region from 
fsranhvlococcus aureus strain UZG 5728 (SEQ ID NO 139) 
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Fig 65 : represents the DNA sequence of one of the 16S-23S spacer region from 
<;r:.nhvlococcus aureus strain UZG 6289 (SEQ ID NO 140) 

Fig 66 : represents the DNA sequence of one of the 16S-23S spacer region from 
Sr^nhvlncQccus aureus strain UZG 6289 (SEQ ID NO Ul) 

5 Fig 67 : represents the DNA sequence of one of the 16S-23S spacer region from 
>;nnhvlocaccus aureus strain UZG 6289 (SEQ ID NO 142) 

Fig 68 : represents the DNA sequence of one of the 16S-22S spacer region from 
«^r. phvlncoccus aureus Strain UZG 6289 (SEQ ID NO 143) 

Fig 69 : represents the DNA sequence of one of the 16S-23S spacer region from 
10 '^r.nhvlncoccus ^ pidermidis Strain UZG CNS41 (SEQ ID NO 144) 

Fig 70: represents the DNA sequence of the 16S-23S spacer region firom 
<;rr,.ptncoceus mitis UZG 2465 (SEQ ID NO 145) 

Fig 71 : represents the DNA sequence of the I6S-23S spacer region from 
StzsEiscsccui pyogenes UZG 3671 (SEQ ID NO 146) 

15 Fig 72 : ' represents the DNA sequence of the 16S-23S spacer region from 
<;trentococcus sanguis UZG 1042 (SEQ ID NO 147) 

Fi«73: . represents the Dn\ sequence of the 16S-23S spacer region from 
\ ^ " Sssatocsscm ^^^nrnnhAus UZG CNS46 (SEQ ID NO 148) 

- . frnrr 
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Fi2 74: represents the DNA sequence of the 16S-23S spacer region from 
StIS2I2£0ccui SBScies UZG 536 (84) (SEQ ID NO U9) 

Fi.75: represents the DNA sequence of the 16S-23S spacer region from 
Sirest2C0C£Ui SEScies UZG 4341 (SEQ ID NO 150) 
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Fig 76: represents the DNA sequence of the 16S-23S spacer region from 
.Srrentococeus species UZG 457 (44B) (SEQ ID NO 151) 

Fig 77: represents the DNA sequence of the 16S-23S spacer region from 
«;nTntococcus species UZG 97A (SEQ ID NO 152) 

5 Fig 78: represents the DNA sequence of the 16S-23S spacer region from 
■<;rrgntococcus species UZG 483 (76) (SEQ ID NO 153) 

Fig 79 : represents the* DNA sequence of the 16S-23S spacer region from Brucella 
abomis NIDO Tulya biovar 3 (SEQ ID NO 154) 

Fig 80: represents the DNA sequence of the 16S-23S spacer region from 
10 Mvcnhacterium ulcerans FTG 1837 and Mycobacterium mannum ITG 7732 

(SEQ ID NO 157) 

Fig 81 : represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhactenum gsSSHSSSS. ITG 8777 (SEQ ID NO 158) 

Fig 82 : represents the DNA sequence of the 16S-23S spacer region from 
15 " Mvrnhacterium sSSSiSm FTG 92-742 (SEQ ID NO 159) 

Fig 83 : represents the DNA sequence of the 16S-23S spacer region from 
Vtvrnh.«erium g^navense FTG 9500 (SEQ ID NO 160) 

Fig 84 : represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhacterium simiae-like ITG 7379 (SEQ ID NO 161) 

20 Fis 85 : represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhacterium simias-Uke ITG 9745 (SEQ ID NO 162) 

Fig 86 : represents the DNA sequence of the 16S-23S spacer region from 
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Mvcobacrerium xenooi ITG 4986 (SEQ ID NO 163) 

Fig 87 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium simiae A ITG 4485 (SEQ ID NO 164) 

Fig 88 : ■ represents the DNA sequence of the 16S-23S spacer region from 
5 Mycobacterium simiae B ITG 4484 (SEQ ID NO 165) 

Fig 89 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacrerium fortuitum ITG 4304 (SEQ ID NO 166) 

Fig 90 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 6323 (SEQ ID NO 167) 

10 Fig 91 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 8698 (SEQ ID NO 168) 

Fig 92 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium kansasii ITG 8973 (SEQ ID NO 169) 

Fig 93 : represents the DNA sequence of the 16S-23S spacer region from 
15 Mycobacterium celatum ITG 94-123 (SEQ ID NO 170) 

Fig 94 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemoohilum ITG 776 (SEQ ID NO 171) 

Fig 95 : represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemoohilum ITG 778 (SEQ ID NO 172) 



20 Fig 96 : 



represents the DNA sequence of the 16S-23S spacer region from 
Mycobacterium haemoohilum ITG 3071 (SEQ ID NO 173) 
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Fig 97: represents the DNA sequence of the 16S-23S spacer region from 
Mvrnhacterium chdonae ITG 94-330 and ITG 94-379 (SEQ ID NO 174) 

Fig 98 : represents the DNA sequence of a 16S-23S spacer region from Yersinia 
^nrerocoliiica strain P95 (SEQ ID NO 195) 

Fig 99 : represents the DNA sequence of a 16S-23S spacer region from Yersinia 
pnfPrncolitica Strain P95 (SEQ ID NO 196) 

Fig 100 : represents the DNA sequence of the 16S-23S spacer region from Chlamvdia 
trachomatis strain SSDZ 94 M 1961 (SEQ ID NO 197) 

Fig lOl : represents the DNA sequence of a 16S-23S spacer region from Listeria -like 
isolate MB 405 (SEQ ID NO 213) 

Fig 102 : represents the DNA sequence of a 16S-23S spacer region from LsiSlia -like 
isolate MB 405 (SEQ ID NO 214) 

Fig 103 : represents the DNA sequence of a 16S-23S spacer region from ysjeria -like 
isolate MB 405 (SEQ ID NO 215) 
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TABLE LEGENDS 

Table la: List of all new probes originating from the 16S-23S rRNA spacer region 

Table lb: List of possible primers to be used for taxon-specific amplification of the 
spacer region or part of it. 

5 Table 2: Hybridization results for P'jeydqmqnas 

Table 3: Different probe patterns obtained for mycobacterial strain-types 

Table 4: Mycobacteria strains tested in LiPA 

Table 5: Hybridization results for Li§tSlia (P^bes LMOU 2, LSEl, LIVl, LISl) 
Table 6: Hybridization results for Listeria (Probes LM03. LIS I) 
10 Table 7: Hybridization results for Chlamydia 

Table 8: New mycobacterial probes and hybridization results 
Table 9: Hybridization results for gnic^lla 
Table 10: Hybridization results for Staphylococcus 
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PROBE 
MYC-ICG-l 
MYC-ICG-22 
MTB-ICG-l 
MTB-ICG-2 
MTB-ICG-3 
MAI-ICG- 1 
MIL-ICG- 11 
MIL-ICG-22 
MAC-ICG- 1 
MAV-ICG-1 
MAV.ICG-22 
MlN-ICG-1 
MIN-ICG-2 
MIN-ICG-22 
MIN-ICG-222 
MIN-ICG-2222 
MAL-ICG-1 
MHEF-ICG-l 
MAH-ICG-1 
MCO-ICG-11 
MTH-ICG-U , 
MTH-ICG-2 
MEF-ICG-U 
MSC-ICG-1 
MKA-ICG-1 
MKA-ICG-2 
MKA-ICG-3 
MKA-ICG^ 
MCH-ICG-1 
MCH-ICG-2 



«;FniJENCE 
ACTGGATAGTGGTTGCGAGCATCTA 
CTTCTGAATAGTGGTTGCGAGCATCT 
GGGTGCATGACAACAAAGTTGGCCA 
GACTTGTTCCAGGTGTTGTCCCAC 



SEP ID NO 



CGGCTAGCGGTGGCGTGTTCT 
CAACAGCAAATGATTGCCAGACACAC 
GAGGGGTTCCCGTCTGTAGTG 
TGAGGGGTTCTCGTCTGTAGTG 
CACTCGGTCGATCCGTGTGGA 
TCGGTCCGTCCGTGTGGAGTC 
GTGGCCGGCGTTCATCGAA.\ 
GCATAGTCCTTAGGGCTGATGCGTT 
GCTGATGCGTTCGTCGAAATGTGTA 
CTGATGCGTTCGTCGAAATGTGT 
TGATGCGTTCGTCGAAATGTGT 
GGCTGATGCGTTCGTCGAAATGTGTAA 
ACTAGATGAACGCGTAGTCCTTGT 
TGGACGAAAACCGGGTGCACAA 
GTGTA.V n ' lCi [111 l AACTCTTGTGTGTAAGTAAGTG 
TGGCCGGCGTGTTCATCGAAA 
GCACTTCAATTGGTGA^GTGCGAGCC 
GCGTGGTCTTCATGGCCGG 
ACGCGTGGTCCTTCGTGG 
TCGGCTCGTTCTGAGTGGTGTC 
GATGCGTTTGCTACGGGTAGCGT 
GATGCGTTGCCTACGGGTAGCGT 
ATGCGTTGCCCTACGGGTAGCGT 
CGGGCTCTGTTCGAGAGTTGTC 
GGTGTGGACTTTGACTTCTGAATAG 
CGGCAAAACGTCGGACTGTCA 



1 
2 

3 

4 

3 

6 

7 

8 
9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 
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nrTrnrnrrrrrTTG ACTT ATGG AT AG 


210 




A Ar ArrrrcGGGTGCTGTCC 


31 




rrTATnrGTTGTCGTTCGCGGC 


32 




CGTGaGGGGTCATCGTCTGTAG 


33 


MUL-lV-rVj-l 


GGTTTCGGGATGTTGTCCCACC 


175 


\ACAi irfi-i 


CGACTGAGGTCGACGTGGTGT 


176 


iVlvJ V -IV-»VJ*— 


GGTGTTTGAGCATTGAATAGTGGTTGC 


177 




TCGGGCCGCGTGTTCGTCAAA 


211 




GTTGGGCAGCAGGCAGTAACC 


178 




CCGGCAACGGTTACGTGTTC 


179 




TCGTTGGATGGCCTCGCACCT 


180 




ACTTGGCGTGGGATGCGGGAA 


is: 


IVI J\.r\ - 1 \^ vJ - J 


CCCTCAGGGATTTTCTGGGTGTTG 


182 


M JVn.- 1 V- VJ -o 


GGACTCGTCCAAGAGTGTTGTCC 


183 


\/V A ICC 1 


TrGGGCTTGGCCAGAGCTGTT 


18-i 


Kvfv A \cr\ 9 


nnnTGCGCAACAGCAAGCGA 


185 




rTATGGGTTGCCCCTACGGG 


186 




rcCTACGGGTAGCGTlj'l'lLl 1 I IG 


187 




rnGATCGATTGAGTGCTTGTCCC 


188 




■ TPTA \ ATnAACGCACTGCCG ATGG 


189 




• TnAGGGAGCCCGTGCCTGTA 


190 




• rATGTTGGGCTTGATCGGGTGC 


19 i 


PA-lCu 1 


• TnrrrnTnrTGCGTGATCCGAT 


3-i 


PA-ICG 2 


- THA ATnTTrGTGGATGAACATTGATT 


35 




• rArrnnTGATCATTCAAGTCAAG 


36 


Da TPn 4 


• TGAATGTTCGT(G/A)(G/A)ATGAACATTGATTTCTGGTC 


3" 


PA-lLvj J 


/ M7 ■ 1 ■ 1 ' 1 r ACTGGTGATCATTCAAGTC AAG 


38 


Llb-ILU 1 


- r A AGTA AfCGAGAATCATCTG AAAGTGAATC 


39 


LMO-ICG 1 


: AAACAACCnTACTTCGTAGAAGTAAATTGGTTAAG 


40 


LMO-ICG 2 


: TGAGAGGTTAGTAaTCTCAGTATGTTTGTTC 


41 


LMO-ICG 3 


: AGGCACTATGCTTGAAGCATCGC 




LIV-ICG 1 


: GTTAGCATAAATAGGTAACTATTTATGACACAAGTAAC 


43 
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LSE-ICG I 
LISP-ICG I 
CHTR-ICG I 
CHTR-ICG 2 
5 CHTR-ICG 3 
CHPS-ICG 1 
MPN-ICG 1 
MPN-ICG 2 
MGE-ICG I 
10 Mycoplasma-ICG 
STAU-ICG 1 
STAU-ICG 2 
STAU-ICG 3 
STAU-ICG 4 
15 ACI-ICG 1 
ACI-ICG 2 
BRU-ICG I 
BRU-ICG 2 
BRU-ICG 3 
20 BRU-ICG 4 
SALM-ICG I 
SALM-ICG 2 
STY-ICG I 
SED-ICG 1 
25 YEC-ICG 1 
YEC-ICG 2 
YEC-ICG 3 
CHTR-ICG 4 



62 

AGTTAGCAT.\.\GTAGTGTAACTATrrATGACACAAG 
CGTrTTCAT\.\GCGATCGCACGTT 
GGAAGA.\GCCTGAGAAGGTTTCTGAC 
GCATTTATATGT.\AGAGCAAGCATrCTATTrCA 

GAGTAGCGTGGTGAGGACGAGA 

GGATAACrGTCTTAGGACGGTITGAC 

ATCGGTGGTA.\.ATrAAACCCAAATCCCTGT 

CAGTTCrGA.\.\GAACAnTCCGaTCnTC 

CACCCArr.\.\TnTTTCGGTGTrAAAACCC 

: CAAAACTGA.\.\ACGACAATCTTTCTAGrrCC 

TACCAAGCAAAACCGAGTGAATAAAGAGTT 

CAGAAGATGCGGAATAACGTGAC 
AACGAAGCCGTATGTGAGCATTTGAC 
GAACGT.\.\CTTCATGTrAACGTTTGACTrAT 
GCTTA.\GTGCACAGTGCTCTAAACTGA 
CACGGT.\.\TTAGTGTGATCTGACGAAG 
CGTGCCGCCTTCGTTTCTCm 
TTCGCTTCGGGGTGGATCTGTG 
GCGTAGTAGCGTITGCGTCGG 
CGCAAGA.\GCTTGCTCAAGCC 
CAAA.\CrGACTTACGAGTCACGTTTGAG 

GATGTATGCTrCGTTATTCCACGCC 
GGTCA,\.\CCTCCAGGGACGCC 
GCGGTA.\TGTGTGAAAGCGTTGCC 
GGAAAAGGTACTGCACGTGACTG 
GACAGCTGAAACTTATCCCTCCG 
GCTACCTGTTGATGTAATGAGTCAC 
GAGTAGCGCGGTGAGGACGAGA 



44 
212 
45 
46 
47 
48 
49 
50 
51 
52 
53 
5- 



56 
5" 
58 
59 
60 
193 

61 
62 
63 
6^ 
198 
199 
200 
201 
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20 



MYC-Pl 

MYC-P2 

MYC-P3 

MYC-P* 

MYC-P5 

CHTR-Pl 
CHTR-P2 

LIS-Pl 

LIS-P2 

LIS-P3 

LIS-P4 
LIS-P5 
LIS-P6 
LIS-P7 

BRU-Pl 
BRU-P2 
BRU-P3 
BRU-P4 

YEC-Pl 
YEC-P2 
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Table lb 



PRIMERS ?>HQUENCE 



TCCCTTGTGGCCTGTGTG 

TCCrrCATCGGCTCTCGA 

GATGCCAAGGCATCCACC 

CCTCCCACGTCCTTCATCG 

CCTGGGnTGACATGCACAG 

AAGGTTTCTGACTAGGTTGGGC 
GGTGAAGTGCTTGCATGGATCT 

ACCTGTGAGTTTTCGTTCTrCTC 

CTAnTGTTCAGTnTGAGAGGTT 

ATTTTCCGTATCAGCGATGATAC 

ACGAAGTAAAGGTTGTTTTTCT 

GAGAGGTTACTCTCmTATGTCAG 

CTTTTATGTCAGATAAAGTATGCAA 

CGTAAAAGGGTATGATTATTTG 



TCGAGAATTGGAAAGAGGTC 
AAGAGGTCGGATTTATCCG 
TTCGACTGCAAATGCTCG 
TCTTAAAGCCGCATrATGC 

CCTAATGATATTGATTCGCG 
ATGACAGGTTAATCCTTACCCC 



?E0 ID NQ 

65 
66 
67 
68 
192 

69 
70 

71 
72 
73 
74 
75 
202 
203 

20^ 
205 
206 
207 

208 
209 
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6^ 

EXAMPLE 1 : rinnlnnnir- •^'-riiginosa 

^ T^- „„ I, also a major cause of nosocomial mrecuons. whtth are 

t?o ZZ » a:^.m.cro..l a^en.. Tn. sram-nesarive. ncn- " 

^""""rUrLpoIe for .ifferen. climcal manifes..ons. U.e woun. 
5 rod can ^^o« ^ ^ ^ ^^^^^ 

infections, bacteremia, respiratory ana ur . 

^veral biochemical feamres nnplying a ume schedule of 24h 7.h . 

• c DNA orobes with or without a prior amplification ot the target DNA. 

usedforepidemiologicaltypmg(Ogleetal.,l« . .,«„ssDacer 

Howe«. none of *ese prohes have been derived ^„ .e 6^ S ^ 
The .«-S r.N.. lene spacer region ^ ; -J ;-;Vr,;j^^^^^ . 

- — ^ ^n^^r^^lccS^^^^ seo ,0 NO ,«1 .i. 

20 SEQ ID NO 135; lower primer: CCnTC(-L ^-av,u 

polymerase chain reaction for the following species : 
_ ^ypnHnmonas aenigiaosa 5669 
. P.Pi,rtnmonas, alcaiigenes LMG 1224^ 
. p.<.Mrinmona£ fluaressssi LMG 5167 
25 - P<»«rinmonas LMG 2232 

- Eseudomonas sruesri LMG 2333^ 
. EseutoM Bseijdsalcalig^ LMG 1225^ 

TO facilitate cloning of the obtained atnpUcons a reco,n.t n . w. 
.e lower primer. After purification an. digestion of .e fragment wi h Sc., 

30 - in a -~ ^^^^^^ r i::-- - 

Sequencing of the 16S-2jS tRNA ge-^ w 
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dideoxy<hain aiminaiing chemistry either using double stranded plasmid DNA combined 
with primers located in the plasmid vector or directly on the PGR products after purification 
combined with internal PGR primers. 

Fig. 36 to 40 represent the nucleotide sequence of the 16S-23S rRNA gene spacer 
regions from the different Pseu^amasas species described above. For P. fluorescens only 
panial sequence mformation was obtained. 

From the nucleic acid sequence of the spacer from P. aeruginssa strain 5669 five 
oligonucleotide-probes were chosen and chemically synthetized. Tne sequences of die 
oligonucleotides are the following : 

PAl = PA-ICG I : TGGTGTGCTGCGTGATGCGATA 
P.\2 = PA-ICG 2 : TGAATGTTCGTGGATGAACATTGATT 
P.\3 = PA-ICG 3 : CACTGGTGATCATTCAAGTCAAG 
Specificity and sensitivity testing of the oligonucieotide-probes was canied out using 
a reverse hybridization assay. Genomic DNA of the different bacteria tested was amplified 
using biotinyiated primers (idem primers as for cloning procedure, see above). Tlie obtained 
amplicon. spamiing the 16S-23S rRNA gene spacer region, was denatured and hybridized to 
a membrane-strip onto which the different oligonucleotide probes were immobilized in a line- 
wise fashion (LiPA). Hybridization was carried out in a mixture of 3xSSC (IxSSC = 0-15 
M NaCl, 0.015 M sodium citrate, pH 7.0) and 20% formamide (FA) at a temperature of 50« 
C for one hour. Washing was done in the same mixture at the same temperature for 15 min. 

Hybrids were detected using a streptavidine conjugate coupled to al'^aline phosphatase 
and the' probes were visualized through a precipitation reaction using NBT 
(nitrobluetetrazolium) and BCIP (bromo-chloro-indolylphosphate). 

The hybridization results obtained with probes PAl. P.A2 and P.\3 are given in table 
4 and show that probes PAl and PA3 were 100% specific for PseudamSIlM aeiugisaSS and 
hvbridized to all the strains tested. The hybridization signal wim probe PA3 at 50' C was 
not optimal, so the oligonucleotide-probe was improved by addmg some additional 
nucleotides to the specific probe. This newly designed probe is PA5. 

PA5 = PA-ICG 5 : CTCmCACTGGTGATCATTCAAGTCAAG 
Hybridization experiments with probe P.A5 proved that this probe also shows a 100% 
specificity and 100% sensitivity for L aeruginosa . 

Oligonucleotide-probe PA2 hybridized only to 5 out of 17 LMmsinosa strains tested. 
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Direct sequencing of the 165-235 rRNA gene spacer region of the strains which did not 
hybridize to these probes, showed some heterogeneity between different strains. Two 
mismatches were seen in comparison to the first developed probe. To overcome th.s 
heterogeneity between different strains in the region of probe PA2 a new probe PA4 was 
designed. This probe is degenerated at Ae position of the mismatches and some additional 
nucleotides were added to improve the hybridization signal at 50^ C. 

PA4 = PA-ICG 4 : TGAATGTrCC3T(G/A)(G/A)ATGAACATrGATrrCTGGTC 
A 100% specificity and 100% sensitivity was obtained with this degenerated probe 
as is shown by the hybridization results. 
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PAl 


PA2 


PA3 






P^eudomonas aerjginosa 


17/17 


5/17 


17/17 


17/17 


17/17 


P5eudomonas alcalieenes 


0/1 


0/1 


0/1 


0/1 


O/I 


P?eudomonas fluorescsns 


0/1 


0/1 


0/1 


O/l 


0/1 


P^eudomonas outida 


0/1 


0/1 


0/1 


0/1 


0/1 


P^eudomonas nseydoaicalisenes 


O/l 


O/l 


0/1 


0/1 


0/! 


Pseudomonas srutzsri 


0/1 


0/1 


0/1 


0/1 


0/1 


Pseudoraonas csnacia 


0/1 


O/l 


0/1 


ND 


ND 


Neisseria gonorrhoeae 


0/1 


O/l 


O/l 


ND 


ND 


Escherichia coil 


0/1 


O/l 


O/l 


ND 


ND 


Bordetsila oertussis 


0/1 


0/1 


0/1 


ND 


ND 


Bordeteila oarapertussis 


O/l 


O/l 


0/1 


ND 


ND 


Bordetella brorchiseptica 


0/1 


O/l 


O/l 


ND 


ND 


Mvcobacterium tuberculosis 


0/1 


O/l 


0/1 


ND 


ND 


Mvcobactsrium avium 


O/I 


O/l 


0/1 


ND 


ND 


Moraxeila canrrhaiis 


0/4 


0/4 


0/4 


ND 


ND 


Haemoohiius influenzae 


0/2 


0/2 


0/2 


ND 


ND 


Streoracocrjs pneumoniae 


0/3 


0/3 


0/3 


ND 


ND 


Acinetobacter calcoaceticus 


O/l 


O/l 


O/l 


ND 


ND 


Saphvioccccus aureus 


0/2 


0/2 


0/2 


ND 


ND 



Table 2 : Hvfaridizarion results for Pseudomonas 
(n;m: number of strains positive/number of strains tested) 

(ND: not done) 
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EXAMPLE Vfygnhacterium 

A variety of mycobacterial species may be involved in serious human infectious 
disease. Notorious examples are Mycobaaerium tubercubsis and Mycobaaerium leprae. 
Recsndy odier species such as M. avium, M. iniracelUdare and M. kansasii have been more 
ftequendy encountered as human padiogens especially in immunocompromised hosts. 

Consequendy, laboratory diagnosis of mycobacterial infections should not be restricted 
to die M. tuberculosis complex but should ideally include most odier clinically relevant 

mycobacterial species. 

The identification and differenuaiion of padiogenic mycobacteria at die species level 
by conventional laboratory techniques is. in general, difficult and time-consuming. 

To overcome diese problems DNA-techniques were implemented. The techniques 
described extended from straightforward DNA-probing to automated sequence analysis. 
Several approaches have beenrecendy reported (Jonas etal.. 1993; Frodiingham and Wilson. 
1993; Tomioka et al.. 1993; Saito et al.. 1989; Vaneechoutte et al.. 1993; Telenti et al., 
1993; Boddinghaus et al., 1990). 

However, these raediods all have dieir particular disadvantages, and most of diem still 
rely on culture. Moreover, and most importantly, none of these techniques allows for a 
simultaneous detection of die different clinically relevant mycobacterial species in a single 
test run. Besides, die differenuaiion of panicular groups within the Mycobaaerium avium- 
imracelMare complex is problemauc and often even impossible. 

To overcome die above-mentioned disadvantages, a LiPA-test was developed which 
allows for the simultaneous and reliable detection and differentiation of a number or 
Mycobacterium species and groups. The sets of probes used to achieve these goals were all 
derived from die 16S-23S rRNA spacer region. The mediods used are analogous to diose 

mentioned in example I. 

The 16S-23S rRNA spacer region, and pan of die 16S and 23S rRNA flanking genes. 

was amplified by PGR widi primers conserved for die genus Mycobacterium. At least one 

of die following primers located in die 16S gene were used as upper primers: 

MYC-PI: TCCCTTGTGGCCTGTGTG (SEQ ID NO 65) 

MYC-P5: CCTGCG-TTTGACATGCACAG (SEQ ID NO 192) 

At least one of die following primers, located in die 23S gene, were used as lower primers 
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for the amplification: 

MYC-P2: TCCTTCATCGGCTCTCGA (SEQ ID NO 66) 

MYC-P3: GATGCC.\AGGCATCCACC (SEQ ID NO 67) 

MYC-P4: CCTCCCACGTCCTTCATCG (SEQ ID NO 68) 

All the above meniioned primers amplirled the spacer region of all Mycobaaerium strains 
tested, except primer MYC-P2 which was not functional for M. chelonae. In order to 
enhance the sensitivity of the detection, a nested PGR was someumes carried out, using P5 
and P4 as outer primers and PI and P3 as inner primers. 

In order to be able to design and select the probes and probe combinations which fit 
our purpose, the 16S-23S rRNA spacer region of a number of mycobacterial strains was 
sequenced. The obtained sequences were compared :o each other and :o those already known 
from literamre (e.g. Frothingham et al., 1993. 1994: Kempseil at al.. 1992: Suzuki e: al.. 
1988; EP-A-0395292; Van der Giessen ei al.. 199<i: ) or from publicly accessable data 
banks. The corresponding sequences are represented in rig. I to 35 (SEQ ID NO 76 to SEQ 
ID NO 110). 

The probes derived from these data were all adjusted in such a way diat the desired 
hybridization-behaviour was obtained using unified hybridization and wash conditions (i.e. 
3xSSC, 20% deionized formamide. 50^0. Tne set of adjusted probes used for hybridization 
to differem mycobacterial strains is represented in able la. SEQ ID NO 1-33. Please note 
that the probe nomenclamre used in this example is an abbreviated version of the one used 
in table la: i.e. the letters "ICG" have always been omined. According to the specirlc 
hybridization pattern obtained, the strains tested could be assigned to one of die following 
species or species groups: M. tuberculosis comple.x. M. avium. M. iniracelLulare or M. 
imracelUdare complex. M. kansasii, M. chebnce and M. gordonae. The strains tested which 
belong to each group are summarized in Table 4. All strains were obtained from the Institute 
of Tropical Medecine. Antwerp. Belgium. The different probe-patterns obtained for each 
group are illustrated in Table 3. and are discussed in more detail hereafter. 

M. tuberculosis complex 

The M. tuberculosis complex harbours all strains belonging to W. tuberculosis. M. 
bovis, M. africamm and M. microti. The probes .Mtbl. Mtb2 and Mtb3 hybridize 
with DNA originating from all M. tuberculosis complex strains tested. None of the 
other strains tested hybridized with these probes at the conditions used. 
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In addition. M. tuberculosis complex strains, as is the case with all other 
mycobac^rial strains tested, hybridize w.th either the mycl or the myc22 probe or 
bodi. The latter tv/o probes are designed as general Mvcobacterium probes, either 
alone or in combination with each other. 
M, anumlM. paratuberculosis 

All t4. avium and M. paramberculosis strains studied reveal an identical hybridoauon 
pattern with the set of probes. For this type of organisms positive hybridization 
signals are obtained with die probes n.ycl/tnyc22. mail, milll. mavl. mahl and 
n,av22 The latter two probes hybridize exclusively with M. a^ium and M. 
paramberculosis strains, and can thus be used as species-specific probes. Since the 
16S-23S suacer sequences of a.ium isolates and .V/. pararuterculosis isolates are 
identical or nearly identical these two taxa cannot be discriminated from each other. 
This finding supoorts 16S rRNA sequencing data which indicate that M. auum anc 
M paramberculosis should m fact be considered as belonging to one geno-species 
(Rogal et al., 1990), M. avium ssp. avium and M. avium ssp. paratuberculosis. 
M intraceOuIare and M. intraceOulare complex (MIC) 

MIC strains are genotypically highly related organisms, which, according to sequence 
data of the 16S-23S rRNA spacer region, belong to a distinct cluster which is separate 
from odier Mycobaaerium species. M. aviu,n and M. scrofulaceum are their closest 
relatives. Almost all strains tested which are generally referred to as M. avm. 
complex (MAC) strains (the former MAlS-complex) can be found m the MIC group, 
ms the MIC group defined in the currem invention encompasses the MAC-^pe 
straiiis described by Frothmgham and Wilson (1993) with the exception of MAC-G 
which appears to be M. scrofulaceum. Also M. in.ccellulare strains sensu srrrao iM. 
imracellulare s.s.) are part of this cluster. 

Because this MIC group contains a quite large group of strains with, among them 
subgroups showing different hybridization characteristics to the set of probes, 
further subdivision into MIC-types was envisaged. 

Type MI£I harbours M. intracellulare s.s., together with some other MAC-stra.ns. 
All MIC 1 type isolates, without exception, hybridize to the following probes. 
mvcl/invc22, mail and mad. The following probes can be used to make tunher 
subdivisions within the MIC 1 group : milll. mini. mln2 to 2222. mil22 and 
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mhefl. 

Af. imracellulare sensu siriao strains icype MIC l.l.a) can be distinguished from 
other subtypes in this group by virtue of probe mini which is positive only for diis 
group of strains. All strains of type MIC l.l.a strains are positive when :ested with 
5 the iV/. inzraceUulare probe of the Gen-Probe Rapid Diagnostic system for MAC, 

Type MTC l.l.b and MIC 1.2 harbour strains which are highly related to M. 
iruracellulare. They can be differentiated by using probes mill 1 and raiI22 (see Table 
3). Further subdivision within Aese groups was not attempted although this could be 
achieved by using the probes : minZ, min22, min222 and rain2222. Funher 
10 subdivision might be of value for spidemioiogicai reasons. 

Only two of our collection of strains '.ested group as MIC 2 scrams. 0ns cf these 
strains is a ' Mycobaaenum Im'u strain (ITG 4755). The specific probe pattern 
generated by these strains is characterized by a positive hybridization signal with the 
following probes : mycl/mycZZ, mail, mill:, mahl and mall. Variable 
j3 hybridization results are obtained with probes min2222, macl and mhefl. Tne other 

probes are negative. It is not unlijcely that MIC 2 would eventually prove to be a 
heterogeneous group when more strains of this type are being identified. Tne variable 
probes may help in a fiirther differentiation, if this would become relevant. 
Type MTC 3 groups a fairly high number of MAC-strains which are radier remotely 
20 related to M. imracellulare s.s. strains and most other MAC-strains. Tnis cluster 

should be regarded as distinct from .V/. avium and M. imracellulare on genotypical 
grounds. All MIC 3 subtypes hybridize to probes mycl/myc22, mail, mlI22 and. 
mcol. A positive signal with the laner probe (mcol) is characteristic for MIC 3 
strains. Variable hybridization results are obtained with the following probes : macl, 
25 mhefl and mahl. MIC 3 can be further subdivided into four subtypes by using three 

probes : mthU. mth2 and mefll. Probe mth2 is specific for type MCJJ which 
encompasses a group of highly related MAC-strains isolated from immuno- 
compromised human beings. Most MIC 3 strains are located in the MIC 3. 1 subtype. 
Evenwally species status may be assigned to this group of strains, as might also be 
30 the case for other groups of MAC strains, yet unnamed. In subtypes MIC 3.4 . MIC 

3J and MIC 3.2 only two. one and one strain are found respectively in our collection 
of strains tested. 
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Type MICl is a collection of "MAIS' strains (including M. malrttoense) wiiich are 
remotely related to M. uaraceUuiare. The only probe of the above-described set 
which hybridizes to MIC 4. apan from the general mycl/myc22 probes, is the mail 
probe. This probe shows a broad specificity, hybridizing also with M. avium, M. 
imracellulare and other MIC strains and M. scrofulaceum. 
M. scrofulaceum 

All M. scrofulaceum strains tested reveal an identical hybrdization pattern with the 
set of probes. A positive signal with probe mscl is unique to M. scrofulaceum 
strains. Tne only other probes with a positive signal for this species are evidently 
mycl/myc22 and also mail. 
M. kansasii 

Probes mka3 and mka4 are specific for M. kansasii: i.e. a distinct positive signal .s 
obtained on the LiPA strip when amplified DNA from the M. kansasii strains is used 
in the hybridization whilst with all other organisms tested the signal is absent. 
Although the sequences of probes mkal and mka2 are not absolutely complementary, 
to the Lget sequence (3 and I mismatches, respectively), these probes also proved 
. to be useful since they hybridized exclusively to M. kansasii DNA and not to any 
other mycobacterial DNA tested under the conditions used (50»C, 3xSSC. 20% 
formamide). This illustrates that probes not necessariUy have to match perfectly to 
the target to be useful, and that modifications in sequence and length may be allowed 
Up to a cenain degree. 
M. chelonae 

The species M. chelonae encompasses M. chelonae ssp. chelonae and M. chelonae 
ssp abscessus strains. Tne spacer region was sequenced for one strain of each 
sub^^ecies and small differences were noticed (SEQ ID NO 103 and SEQ ID NO 
102). Probes mchl and mdi2 hybridize to both strains. All other probes are negative 
for these 2 strains except 7or mycUmyc22. 

Upon testing of probes mchl and mch2 with 2 additional M. chelonae strains not 
mentioned in table 4. i.e. M. chelonae 94-379 and M. chelonae 94-330. both obtained 
from the Institute of Tropical Medecine in Antwerp. Belgium, it appeared that they 
did not hybridize to probe mchl. This was confirmed by sequencing the spacer region 
of these two strains (SEQ ID NO 184). Cluster analysis of the spacer region w.tn 
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other mycobacteria revealed that chelonae strains can be subdivided in two 
groups. A third probe mcfaS was designed to specificaJly detect this second group of 
strains, to which 94-379 and 9^220 belong. 

This iUustrates that the use of DNA probes derived from the 16S-23S rRNA spacer 
region can be helpful in differentiating different groups of strains, which belong to 
the same species according to the classical identification methods, and possibly can 
be used to detect and describe new species within the mycobacteria. In this case mch2 
detects all M. chelonae strains, whereas mchl and mch3 differentiate between 
different subgroups. 
M. gordonae 

The five M. gordonae strains tested all hybridize to probe mgo5. Positive 
hybridization signals are also obtained with probes mycl/myc22. and some M. 
gordonae strains also hybridize to probes mgol and mgoZ. 

other mycobacterial species 

Strains belonging to other mycobacterial species than those mentioned above only 
hybridize to the general probes mycl/myc22. This indicates that these strains most 
probably belong to the genus Mycobaaerium, but do not belong to one of the species 
or groups which can be specifically identified by using one or more of the other 
probes described. 

In conclusion we can state that, according to the particular combinations of probes of 
the invention used, DNA probe tests at differem levels can be provided. 

When all probes are used in one and the same LiPA-tesi. differentiation at the species 
level as well as subtyping of certain groups of mycobacteria can be achieved. However, the 
probe-assembly on one strip could be restricted to those probes which are species-specific; 
in that case identification is performed at the species level. A further reduction of die number 
of probes on the strip might lead to the specific detection of only one or just a few species. 
Obviously, LiPA strips can be designed which solely attempt to subtype strains, e.g. those 
belonging to the M. intracellulare complex (MIC). Depending on the particular needs of the 
laborltorl performing diagnosis and/or typing of mycobacteria, all these different 
applications might be of value. However. It is clear that by using a combination of probes 
in a LiPA-format the amount of information obtained as to the identity of the organisms 



PCT/EP9»024S2 

WO 96/00298 



74 

. •« ^miderablY increased as compared to DNA probe tests 
p^ent in the clinical san^,le. « co..d^^ ^^^^.^^^^^^ ^^^^ 

onlv a single probe. For some groups, or ai i«s , . . ,u,, 

H. uniflueW hybridizing to ±^s (sub)group could not be designed. In diat 
a su^e probe ^^^y^'^ ' „^ed. For these applications 

only probc-pattenis are able to proviuc 



using 
groups 
case 

5 the LiPA is an advantageous fbnnaL 
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Table 4 VlvgnhacteP ^ trains cest^ in LiPA 



spedes/ group 



strain numbers from In^uie of Tropical Medednc Antwerp 
(except those between parentheses) 



M. aibenaiosis complex 



7602. 8004. 8017. 8647. 8872. 9081, 9129. 9173. 9517, (ATCC 27294). 
3324. 8428 



M. aviumy 

M. paraniberculosis 



llOl 1983 2070.2074.4176,4189.4191.4193.4197,4204.4386,4991, 
5872 5874! 5884. 5887, 5893, 5894, 5897, 5903. 5904, 5905, 5927. 5983. 
818q! 8750, (ATCC 25291), M. garatuh : (316F). OE) 



M, intracellulars 
(MIC l.l.a) 



4199 4208 5701. 5880. 5906, 5908. 5909. 5911 5915. 5917. 591S. 5920, 
592l! 5924, 5925, 5929. 8713, 8717. 8718, 8720. 3721. 8722, 3732. 8740. 
874l! 8742! 8744, 8747. 8749 




oiher mycobacterial 
species 



773-^ (M marinum), 94-123 (M. cclacum). 778 (M. liacmophiium). 8777 
(M."genavcase), 4484 (M. siniae), 4986 {M. xcnopi). 4304 (M. fortuinim), 
1837 (M. ulcerans) 
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gy vvTPT F V. Listeria 



10 



15 



20 



^^es ar= . sroup of Gn„-pcs,uv. ro.s w.del, spread in namre. *,m,n . 
^ group « sa.^ ^ oniy U iL— ^ P'*=*-'= " ^ ""f ^ . 

„„„™™.d ia.v*.s. «w.or„ .fan. a.. 
:la„.^...|™.sfo.*.focd.n,..=a.=.Mos.cas..v^^^^^^^ 
c„,.„„,pcion of food of animal origin. pan.cular,y soft ,=n«3=s. Ther«or.. .he pr=«nc. 

coumrie. .he absence of all Ito species is reou.ed in food producs. 

Ue Classical iden.f.caUon for L, -^f P™uc. .nvolves 

„ .nrichmen. c..e for . h and s..se,en.l>. colo. for.ins on - 
for 48 h followed by a whole se. of bl«ne™ical and ™rpbolo„ca, assays (Faro^^^^c 
Ll ,991). Th. procedure could be ver-y n,ucl, si.plif.ed by *e use o, gene prope. 

S; 1 DNA p obes are already descrVoed for iden— of^«^- 
some pri le derLd from genes respo.lble for d,e pad,ogen,ci.y of *e organ.. . 
t::r*e «in O g=he (Da. er ... 1993, or invasio.assoc..d-pro,e,n (,ap, 

,a^.able.den.,.-,ca.ionsys.e..bas=donaspec,.-,cieS^^^^ 
was induced bv GenProbe (Herman and De R.dder. 1993. Nine. e. al.. 199 ). 

Tbe« specif, probes are used as conr,rma.,on assays on colonies ob.,ned an. 
e„„ and plaing on selecuv. agar n»dium^ ^^^^ 
Recemly several publications reported on the use of a.e po.y 

. f„, ,h. m\ orobes. which can shorten the ame of die assa; 

.c described 0^ can speci.-olly amplify U — >^ ^^Z^.. ,la.o« 
derived from the i.teriolysin 0 gene (Gols^in Tnomas =, al.. 1991). and the « .e 

" Tused dte iaS.3S rRN. gene spacer reg.on as *e .get for the development of 
30 a .enus-specmc probe for Lto and a probe specf.c for 

■ using conserved primers derived from *e V end of the 16S '^^^ 
d,= .3S rRN.^ (sequences are given in example 1, d,e spacer reg,on was amphned . 
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polymerase chain reaction and subsequently cloned in a suitafaie piasmid vector following the 
same procedures as in example 3. 

Two amplicons differing in length (800 bp and 1 100 bp) were obtained. Both PCR 
fragments were cloned for the following listeria species : 

- Listeria ^nnncvrossrvts . serovar 4b. IHE (Instituut voor Hygiene en 

Epidemiologie, Belgium) 

- Listeria ivanovii CIP 78.42 (Coilection Nationaie de Cultures de 

Microorganisms de I'lnstitui Pasteur, Francs) 

- Listeria seeiigeri serovar 4a. nr. 42.68 (Bacteriologisches Institut, Sudd. 
Versuchs- und Forscfaungsanstalt fur Milchwinschaft Weihensteohan. Germany) 

Tne sequence of the spacer region between the 16S and 23S rRNA gene was 
determined using the cloned material originating from the 800 bp PCR fragment and this was 
done for the three described Listeria species. Fig. 41 to 43 show the sequences of the 
different short spacer regions obtained. The sequence of this short spacer region of L- 
mnnncvtogenes was also retrieved from the EMBL databank (LMRGSPCR). 

Based on this sequence information, following oligonucleotides for species-specific 
detection were chosen and chemically synthesized : 

LMO-ICG-1 : AAACAACCnT.\dTCGTAGA.\GT.\.\.\TTGGTTAAG 
LMO-ICG-2 : TGAGAGGTTAGTACTTCTCAGTATGTTTGTTC 
LSE-ICG-1 : AGTTAGCATAAGTAGTGTAACT.ATTT.ATGACACAAG 
LIV-ICG-1 : GTTAGCATAAATAGGT.AACTATTT.^TGACACAAGTAAC 
Also, a genus specific probe for Listeria was designed: 

LIS-ICG-l : CAAGTAACCGAGAATCATCTGAAAGTGAATC 
Tne oligonucleotide-probes were immobilized on a membrane strip and following reverse 
hvbridiLtion with biotinylated PCR fragments, the hybrids were visualized using a 
precipitation reaction. The hybridization results of different Listeria species are summarized 
in table 5. 
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Table 5 



Species 


n 


LIS I LMOl 


LM02 LSEl 


Lrvi 1 


l^. monocvto^enes 


1 














L. seeliffcri 


2 








± 




. I 


I^. ivanovii 


3 














wtflshiipep 


3 
















2 


4- 













Tnese hybridization results show that probe LIS I can de:ec: all described Listeria 
species, but also diai the species-specific probes cross-hybridize :o each other. Hence, from 
this shon spacer region probes with sufficient specificity could not be found. 

For Listeria monocytogenes the 16S-23S rRNA gene spacer was also determined 
originating from the 1100 bp fragment. Fig. 45 shows the sequence obtained for this species. 
This sequence information was also obtained for L. seeligeri (see fig. 46) and partial 
sequence infonnation of the large spacer region was obtained for L- ivanovii (see fig. 44). 

Based on sequence alignment with L. seeligeri following oligonucleotide -probe was 
chosen to specifically detect L. monocytogenes. 

LMO-ICG-3 : AGGCACTATGCrTGAAGCATCGC 

Initial hybridization results (not shown) indicated that no cross-hybridization with 
other Listeria species was seen with this L. monocytogenes probe LM03. and that all 
Listeria strains used hybridized to the general probe LIS 1 . 

The oligonucleotide-probes, LIS I for detection of all Listeria species and LM03 for 
specific detection of L monocytogenes , were immobilized on a membrane strip and 
hybridized to labeled amplicons, containing the 16S-23S rRNA spacer region, derived from 
different organisms. The hybridization results are shown in the following cable. 

An excellent specificity and sensitivity were obtained for probes LM03 and LISl 
respectively at the species and genus level. 
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Table 6 



Taxa tested 



Listeria Tinnnc/togenes 
Listeria ivanovii 
Listeria seeiigeri 
Listeria welshimeri 
Listeria innocaa 
Listeria murravi 
Listeria gravi 
Brochotrix rhermosphacta 
Brochocrix campestris 
gacillus cereus 
Bacillus brevis 
Bacillus coalgulans 
Bacillus pumiiis 
Bacillus macerans 
Bacillus lentus 
Bacillus firmus 
Bacillus subtil is 
Bacillus megantum 
^nterococcus faet^jis 
Enterococcus faecium 
Enterococcus ivnm 
Lactococcus lactis 
Lactococcus case! 
Escherichia coli 
Hafnia halvei 
/VLqrrobacterium nimefaciens 

Mycoplasma dimorpha 
Clostridium rvrnhutvricutn 
Clostridium perfringens 
Clostridium sporogenes 
Cln<;tridium acsmhutvricum 
Brucella abortus 

Brucella suis 
Brucella melitensis 
Sta ph vlccoccus aureus 
Salmonella ryphimurium 
Salmonella enteritidis 
Yersinia enterocolitica 



LISl 



LM03 



U 

10 

11 

16 

23 

3 

2 

I 

I 

3 

2 

I 

I 

1 

1 

2 
2 
1 
1 
I 
1 
3 
1 
1 
I 
2 

1 
I 
I 
I 
I 
I 



n: number ot strains testea 



I 
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•niese two probes can be used for the detection of Listeria species and LiStSlia 
rpnnncvtogenes directly on food samples or after enrichment of the samples in liquid broth, 
(n both cases amplification problems can occur with the conserved primerset due to die 
enormous background flora in diese samples. 

To circumvent this problem, we designed several sets of primers derived from the 
16S-23S rRNA spacer regions of listeria species. 

Primers LIS-Pl and LIS-P2 are upper primers, whereas LIS-P3 and LIS-P4 are lower 
primers. These primerses amplify the smaller 16S-23S rRNA spacer region as well as the 
larger spacer of Listeria species (except L gravi and L murravi). If needed these primers 
can be used in a nested PGR assay where LIS-Pl/LrS-P4 are the outer primers and LIS- 
P2/LIS-P3 are the inner primers. 

For the specific detection of Listeria mnnocviogenes probe L.VlO-(CG-3 was designed 
and derived from the large 16S-:3S rRNA spacer region. In order to speciftcally amplify 
only this large spacer region for an improved detection of diis pathogen direcdy in samples 
a set of primers was derived from the part of sequence information from die large 16S-23S 
rRNA spacer region that is not present in the smaller rRNA spacer. For this aim. primers 
LIS-P5 and LIS-P6 are used as die upper primers and LIS-P7 is used as die lower primer. 
LIS-Pl : ACCTGTGAGTnTCGTrCTrCTC 
LIS-P2 : CTATTTGTTCAGTnTGAGAGGTT 
US-P3 : ATTTTCCGTATCAGCGATGATAC 

LIS-P4 : ACGAAGT.\A.AGGTTGTTTTTCT ''^ 
LIS-P5 : GAGAGGTTACTCTCTTTT.\TGTCAG 

LIS-P6 : CTTTTATGTCAGATAAAGT.\TGCAA -0- 
LIS-P7 : CGTAA-AAGGGTATGATT-ATTTG 

During die evaluation of die probes for listeria spp. an organism was isolated from 
cheese diat resembled Listeria according to die classical determination mediods. Tnis isolate 
(MB 405) showed die following characteristics (similar to Usteria spp.) : Gram positive, 
growdi on Oxford and Tryptic Soy Agar, catalase positive. The only difference with die 
Listeria spp. was die modlity. which was negative. 

Using die conserved primers as described in example I in order to amplify die 16S- 
23S rRNA spacer region of diis isolate MB 405, die same amplicon pattern was obtained 
widi diis strain as with Listeria spp. Hybridization of die amplicon showed diat diere was no 
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signal obcained whh any of the probes for Llssm spp. 

Sequencing of the 16S rRNA of isoUue MB 405 and subsequeni comparison with 
ysjsna spp. and relatives showed that the organism was more closely related to Listeria spp. 
than to any odier species described in the literature until now. Taxonomlcal studies will 
show if this isolate does or does not belong to the genus LiaSEia- This isolate, and 
subsequently isolated organisms from the same type, are referred to in *is application as 

l , .isttria like organisms. 

Isolate MB 405 seemed to contain at least 3 different 16S-23S rRNA spacer regions 
which were cloned and sequenced. Following aligmnent with LisSDa spp . an oligonucleotide- 
probe was chosen te specifically detect Liasiia-like strains: 

LISP-ICG-l : CGTTTTCATAAGCGATCGCACGTr 
Reverse hybridization reaaions of this probe with the 16S-23S rRNA spacer regions of 
Listeria spp. showed that there was no cross-hybridization. 
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PYAVfPt.E 4; Chtamvdia trachomatis 

rhlamvdia trachomaiis is a small obligate intracsilular gram-aegauve bacterium, 
which has 15 serovars (A-K, Ba. LI. L2. and U) distinguished by the major outer 
5 membrane protein (MOMP) and contains a cryptic piasmid required for intracellular growth. 
The A-K and Ba serovan constitute the trachoma biovar. while the LI. L2. and L3 serovars 

constimte die LGV biovar. 

Serovars A. B. Ba, and C are commonly associated with trachoma, the leading cause 

of preventable blindness worldwide. The D-K serovars are found mainly in sexually 
10 transmitted infections and 'are the major cause of cer/icitis and pelvic inflammatory' disease 

in women, and urethritis and epididymitis in men. Serovars LI. L2 and L3 are involved in 

lymphogranuloma venereum, a rare sexually transmitted disease. 

Cell culture is regarded as the benchmark method for laboratory diagnosis, althoug.n 

specimen viability is difficult to maintain during lanspor. and laboratory techniques are time- 
15 consuming and technically demanding. Tnerefore. a number of more rapid test kits were 

developed, such as an enzyme-linked immunosorbent assay, and direct fluorescent-antibody 

saining. However, none of these immunoassays have been shown to have high levels of 

sensitivity or specificity. 

A nonisotopic DNA probe assay (Gen-Probe PACE; Woods et al.. 1990) that detects 

20 chlamydial rRNA is commercially available. Recently, the polymerase chain reaction (PCR) 
method has been used for detection of Chlamydia infections. Detection was targeted at either 
the cryptic piasmid (Loeffelholz et al., 1992). or the omp\ gene, which encodes for the 
major outer membrane protein (Taylor-Robinson et al., 1992). Compared with other 
techniques, PCR has higher sensitivity and specificity (Ossewaarde et al.. 1992). 

25 None of these assays make use of DNA probes derived from the 16S-23S rRNA gene spacer 
region. 

For a Chlamvdia trachonrntis L2 and a aiamvqia Biiim 6BC strain, a pan of the 
ribosomal RNA cistron. containing the 16S-23S rRNA spacer region was amplified using 
conserved primers (see example 1) and subsequently cloned in a piasmid vector. The 16S-23S 
30 rRNA spacer region was sequenced using the dideoxychain terminating chemistry. 

The sequence of the spacer region of both Chlamvdia species is shown in fig. 47 to 

48. 
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Based on '.his sequence information, following oligonucleotide -probes were chemically 
synthetized : 

CHTR-ICG-l : GGAAGAAGCCTGAGAAGGTTTCTGAC 

CHTR-ICG-2 : GCATTTATAIGTAAGAGCAAGCATTCTATTTCA 
5 CHTR-ICG-3 : GAGTAGCGTGGTGAGGACGAGA 

CHPS-ICG-1 : GGATAACTGTCTTAGGACGGTTTGAC 

The oligonucleoiide-probes were immobilized in a line-wise fashion on a membrane 
strip and subsequendy used in a reverse hybridization assay widi biotinylated PGR producis, 
containing the 16S-23S rRNA spacer region, as target. 
10 Hybridizadons were done in a solution of 3xSSC and 20% formamide (FA) at a 

temperature of 50''C. 

The hybridization results with the different probes are shown in the following '^bie. 

Table 7 



Strains tested 


CHTRl 


CHTR2 


CHTR3 


CHPSl 1 


Qilamvdia trachomatis L2 




+ 


+ 


- 1 


Oiiamvdia psittaci 6BC 










Chlamvdia psittaci CP 








4- 


Chiamvdia psittaci TT 










Haemophilus ducrevi CIP 542 










Haemophilus influenzae NCTC 8143 










Neisseria gonorrhoeae NCTC 8375 










Moraxella catarrhalis LMG 5128 










Escherichia coli B 










StrcDtococcus oneumoniae S92-2102 











As shown in the table. at a hybridization temperature of SO^'C the probes CHTRl. 
CHTR2 and CHTR3 are specific for Chlamvdia trachomatis and probe CHPSl is specitlc for 
30 Chlamvdia psittaci . 

Several clinical isolates, obtained from die SSDZ, Delft, Nedierlands. identified as 
Chlamvdia trachomatis using conventional methods were tested in a reverse hybridization 
assay with the different oligonucleotide-probes. All Chlamvdia trachomatis specific probes 
gave a positive hybridization signal and none of the isolates reacted with the Chlamvdia 
35 psittaci probe. For some clinical isolates the CHTR2 probe reacted significantly weaker than 
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CHTRl or CHTR3. The spacer region of one of these isolates (94 M 1961) was sequenced 
(SEQ ID NO 197) and the sequence revealed one mismatch with the spacer sequence of 
strain L2. An additional probe (CHTR4) was derived from this new spacer sequence : 

CHTR-ICG^ : GACjTAGCGCGGTGAGGACGAGA (SEQ ID NO 201) 

This probe gives a stronger hybridization signal than CHTR2 widi some clinical isolates from 
Chlamydia trachomatis . It can be used alone, or in combination with the CHTR2 probe (e.g. 
both probes applied in one LiPA-line). 

In order to develop very sensitive assays for the detection of Chlamydia trachomatis 
directly in clmical specimens a specific primersei was derived from the 16S-23S rRNA 
spacer region, CHTR-Pl (upper primer) and CHTR.P2 (lower primer), amplifying 
specirlcally the spacer region of Chlamydia species. 

CHTR-Pl : AAGGTTTCTGACTAGGTTGGGC 69 
CHTR-P2 : GGTGAAGTGCTTGCATGGATCT 70 
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IXif n-t r li -1- ^11111™ r-"""""' •ipiwiivm 

Mycoplasmas a« a grc^ of -Ac smallest prokan,o.es known to are abl= lo grow in 
„u.f«. m^u. lack a ==11 wall, 3^ tav, verv sm^l «no..s wiU, a lo. G^C co.«n. 
More to 100 different sp.=i=s tav= b«n isotol from huma,.. animals, plants, and 

""'"'in humans, mycoplasmas have been reco|ni«d either as pathogenic organisms or as 
commensals. Tl>. best Itnown pathogen . Mv^sol^^ causative agent or 

primary atypical pneumonia. especMy in children and young adults, ^e diagnos. of 
, '^hasLbasedon*edhect.oUtionby*ecul.reme.odoton.ed=..ct,on 

of speciflc antibodies against ElsaBSfflia i" -he pat,ent s 3erun>. 

Another pathogen, flrst plated from urethra, specimens from patte.. w,t.. 
nongonococcal urethrtt.. has been d«=ribed as ■ Tn>s mycopiasma 

has'sev^al properttes in common w„h —a.- Bom species are patnoge ,c. and 
„ X J J capability . adhere to ery.rocytes. various dssue cells, glass, an p^t. 
J^. Furthermore. =B— *are anttgens gwmg 

Ltenswe cross-reacUot. in serological .ts. ^e observation *at ^ — ' ^'^ 
he found h. respiratory nact specimer. from patien. wiih pneumon,a an .1^ t™- 
„.„re with ^ = ^ " 

20 gsnialto- „.,„^^r« is time^onsummg and serology lacks specificity. 

Since cultivaiion of bodi spec.es is umc 
.ore rapid and more speciTtc assays were developed to identify, these ^y^^^^J^'^ 
of hybridization assays with DNA probes was de^ibed for dtese speces. but cesp.te ood 
ILes these teS3 do not allow the detection of low levels of R - ^ 

' Tmore recenUy DNA hybridi^tion techni,u=s were developed ustng the 

.•adhesin gene (Buck et a,.. .9,2, and dte ,6S rKNA gene (Kuppeve =t . J-- 
Specmc PCR assays for ^ g» »-e described using sequences from the 

gene and the 16S rRNA gene. a^nitalium 
Ue spacer sciences Of clinical Elates of «^ -^H. ^ 

.Obtained from U. Cabel. University of Freiburg. Germany, were f 
Shown in fig. 49 to 50. The se,uences show some differences to those from othe. stra.ns 
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Che same species deposited in the EMBL databank (MPMAC and MGG37 respectively). 
Based on diis information four probes were derived: one general Mycoplasma probe, two M- 
pneumoniae specific, and one M- gpnialjum specific probe : 

Mycoplasma-ICG: CAAAACTGAAAACGACAATCnTCTAGTTCC 
MPN-ICG-l: ATCGGTGGTAAATTAAACCCAAATCCCTGT 
MPN-ICG-2: CAGTTCTGAAAGAACATTTCCGCrrCTTTC 
MGE-ICG-1: CACCCATTAATnTTTCGGTGTTAAAACCC 
The probes were applied to LiPA strips and hybridized under standard conditions (jX 
SSC. 20% formamide at 50°Q to amplified spacer material from four M- pneumqniae 
strains, one M- genitalium strain and twenty-two non-MvcoEiasma species strains. The 
general probe hybridized only to the five Mvgqplg?ma strains tested, while the specific 
probes hybridized only to sffains of the species for which they were designed. 
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EXAMPLE 7: Other mvcobacrerial species 

With the steady improvement of laborator/ techniques the information on the 
systematics and clinical significance of the so called 'potentially pathogenic environmental 
5 mycobacteria" increased rapidly. With the emergence of newly recognized diseases, 
additional syndromes associated with different mycobacterial species have emerged and have 
assumed major importance. 

In order to extend the LiPA test for the simultaneous detection of different 
mycobacterial species as described in example 2. a new set of DNA probes was designed to 
10 specifically identify the following species : Mvcobacrgrium ulcerans . Mvcobactgrium 
^enavense . Mycobacterium xenoot . Mvcobacteriun simiae . Mvcobacteriuri fortuirum . 
Mycobacterium malmoense . Mvcobacrerium celatum and Mvcohacterium hagmotjhiiun- . 

These probes were derived from che 16S-23S rRNA spacer region sequence. For the 
above mentioned species this information was obtained through direct sequencing of PCR 
15 products or after cloning of the PCR-amplified spacer region. The sequences obtained are 
represented in fig. 80 to 97. and in fig. 38 for M. malmoense . 

The sequences of the spacer region of the above-mentioned mycobacterial species 
were compared and aligned to those already described in example 2 or in publicly available 
sources. From the regions of divergence, species-specific DNA probes were designed. The 
20 probes were selected and designed in such a way that the desired hybridization behaviour 
(i.e. species-specific hybridization) was obtained under the same conditions as those specified 
for the other mycobacterial probes mentioned in example 2, i.e. 3X SSC, 20^5 deionized 
formamide, 50**C. This allows simultaneous detection of at least two, and possibly all, of the 
mycobacterial species described in the current invention. 
25 The following oligonucleotide probes were designed from the spacer region sequence 

of respectively M. ulcerans . M. genavense . M. xenoai . M. simiae . M- formitum . M- 
malmoense . M. celacum and M. haemoohilum : 

MUL-ICG-1 : GGTTTCGGGATGTTGTCCCACC 
MGV-ICG-1 : CGACTGAGGTCGACGTGGTGT 
30 MGV-ICG-2 : GGTGTTTGAGCATTGAATAGTGGTTGC 

MXE-ICG-l : GTTGGGCAGCAGGCAGTAACC 
MSMCG-l : GCCGGCAACGGTTACGTGTTC 
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MFO-lCG-1 : TCCTrGGATCGeCTCGCACCT 
MFO-lCa-: : ACrrGCCGTGGCATCCGGGAA 
MML-ICG-1; CGGATCGATTGACTCCTrCTCCC 
MML-ICG-> TCTAAATGAACGCACTGCCGATGG 
MCE-ICG-1: TGAGGGAGCCCGTGCCTGTA 
' MHP-lCG-l; CATGTTGGGCTrGATCGGCTGC 

Ti= prob« were Immobilized on a UPA ^ and hybridized wi* amplified 
.ioUnyla^d ma^ial derived from a s« of represe„,.ive mycobacna, as descoea 

rilp.e AmpUfcadon of *e spacer region wa. carried o., by PGR ..n, a pr-.mer 

'° I l,e,^r wi* .he bybrid^rion re.,. ob..ned. T„e s,ra,„s «=re ob..ed .0. -..e 
coUecuon of *e Insumte for Tropical Medicine. Anr«=rp, Bel|,urn. 
;a Ueprobe. -es^d (MSWCGl.MXE-.CG-i, MFO-ICG-,, MFO-.CG-:. MML-ICC 

:» , MML.lCG.:>.CE.>C04andMHP4CG-.)specif,cal.yde.credM.mMS.M.S£I^^ 

1: mL^.M.— .M.=*BandI..l=— --pecrWeiyands.^^ 

is riifi derecrion of mycobacri. .ecies wbicH were no, .r*er iden.flabie .e « 

!, Tf DNA probes described « e^ple 2. M- — ^ - ='-if,ed ,n example 2 . 

iS cype. wbiie *e o,.er spec^. menrioned above were only Hybridizing » *e ge.. 

i; . ;lJi,MVC:2 for d,e gen. 

!' ! 2 as -oiher mycobaoerial species-. . , ,r v irn and noi 

All «sred R — £ -l»-eac«d wi* MGV-lCGl and MGV-,CG.. ano no 

„r, r:::- :i - - - - «= - - - - ts; 

<• "M «miae-like" isolates strains 7379 and 97«) is-, otv 
enarer resion of WO of these fidU SHQiSS ""^^ u - .« M 

^ r 1 .62, conf..ed d» were more closely r=la.d ro M. — '-^ 
^rlwprobeMGV-,GG3wasdesignedrospe=ifical,yderea..sronpo,organ,srns. 

Which possibly belong to a new species. 
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MOV-ICG 3 : TCGOCCCCCGTCnTCOTCAAA 

This Uta^e. «ain to ose of DNA probe, derived from *e .6S-23S sp3Cer 
^ be helof^l .n differeadaung differer.. groups of snains. which « also round 
■1^. b, Classical — c cri«ria. Tpe « of *ese DNA probes po.,«,, 
„ ^ d^uo- of new (sub)sp=c:es w,6,n n,ycobac«r,a. In ^.s case, ihe .GV-l 
^ w™.ld reac. on., wiil, M- ^ "^^'^ '"7;"'° ^ 

only wi* .he ^.em,edia« "M. stos-li^" 

MUUCCl reac-^ed wid> a„ ^ ^« 

e^s-Hybrid^uon wi* ^ « ^= ^'^""""^ ""^^ " 
cross iiyu . . . _, ,„ ,u,, M u cerans strain 



10 



IS 



20 



25 



30 



rr ~ Jn ^.T::.^ . se.enc= ,c .a, of ^ s^.n 

.^). Fum-er differencauon berweer, M- — -d ^ - - 
!,„g a p'ro^e ,.0. die ISS-rRNA gene of M- of wh,ch . cc^pline^wnn 

d,e Ler region when prin,ers MYC Pl-K - used for a,npli,-,ca„on. A spec:es.>pec,r,c 

p^be for M. w^i- - - '^'""^^ 

as *e spacer probes for .ycobaoeriuin species differen«on. is for e.n,ple: ^ ^^^^ 

TGGCCGGTGC.AAAGGGCTG , 
T,e above paragraph shows to. ald»ugh ,s preferable ro use probes denved fr^m 
*e spacer region.'i. is also possible, and som...es necessary. ,o co.b.ne *e spacer prob 
! rprobes Lived fron, o*er ge. sequences, e.g. ihe 1« rRNA gene. Here aga.. * 
addirL probes are selected such to rhey show ihe desired hybr,di..on cnarac,er«,cs 
under *e same hybridi^aon and wash condiuons as die spacer probes. 

For M. ad^Wo-l s^ <o me ones menrioned .n e.a™,e 2 h. b=.n 

^„d wim;robes MK.A-.CG.1, 2. 3 and . described ,n example 2. Since none o, * se 

was U sa„, addiriona. probes were designed for H« 
Tnerefor. die spacer region of some of .he addi^on. M- ^ s,ra.ns 1 , 
8,73 was sequenced (see fg.^ .0 92). These s^ns were also obcarned rrom *e 1..U 
Tropica, Medecine in A„.erp. Belgiuin. Apparen.1,, M- 1^ ; 
heiero eneous group, wi. ren^arUble differences in d,. spacer sequence e^een 

Add„ional probes MK.A-,CG.. . . S, 9 and 1 were des.ned. a^^ 
aaain under *e same condirior. as .hose earl,er de«,bed. .e. 3X SSC. J. 
f^numide, 50-C. The probes were »sred wi. a coUeccn o, ,es, s.a,ns oo.,ned 
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Instimie of Tropical Medicine, Antwerp, Belgium, and results are shown in table 8. 

None of the M- fansasii probes hybridizes with a species other than M- Icansasii . as 
far as tested. However, due to the heterogeneous character of this species, none of the M- 
kansasii probes hybridizes with all M- tamsasii strains. The different M- Icansasii probes 
5 recognize different strains of M- kansasii . This differential hybridization may be of clinical 
significance. On the other hand, if detection of all M- kansasii strains is desirable, a 
combination of different M- kansasii probes can be envisaged. 
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BruccUos^ . a very widespread and economically important zoonosis which also 

affects humans. ^ bacxriological and unmunological 

For the idenoncanon of aru£=ja spp-. 

« being ^ Taese - ^- 
^.U.^C and «Ua.,c *n<ifo:ion ^*ods developed, b^d 

Specific d«eaioa of BoislU spp. ba.=d oc d.e ampln»aon o, a 43 kDa ou« 

• rF*=n: A =. al 1990) or of a pan of 4.e 16S tRN A gene (Hennan and 
membrane protein (FeteB A. et ai. . i:r>v; 

DeRidder. 1992) were already described. je-'don of ElKsUs 

to order .0 develop specific DNA prooes and pruners tor ie de-oon 

3,„,":^^d.el6S-BSr.NAS=ne.3c=rre.on.Us.sconse.edpr^.(«^^^ 
,.en ^^Pic n .be spacer region wa. amplified and s.bse,nendy cloned .ro .be 
wu. vector following the same procedures as in example I. 

aXn Of abo J 1.00 bp . leng* ™ cloned for .e Mowing ^ 
.BBi£SlUtoNIDOTnlyabiovar3(SEQIDNOl54) 

. BnssUa ais Nmo ""^ ' '^^'^ ID NO 132) _ 
H.dmdiges.o„of,becons«c..foi.o«edbysnbclon^of*eob^e^^.^^^^ 

rhe snac- rc'ion for the thrse descnoed Bnjcsila spp- 

s:! of rUiy ^tjt.^ 

only genus-specific probes were designed. 

For thh purpose, the followmg probes were chemically syntnesized. 
BRU-ICG I : CGTGCCGCCTTCGTITCTCnT 
■ BRU-ICG 2 : TTCGCTTCGGGGTGGATCTGTG 
BRU-ICG 3 : GCGTAGTAGCGTTTGCGTCGG 
BRU-ICG 4 : CGCA.\GA.\GCTTGCrCA.\GCC 
^e oligonucleoades were im^obir^d on a membrane s.ip and following reverse 
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hyfaridizarioa with biotinylated PCR fegmeats. the hybrids were visualized using a 
precipitadoa reaoioo. The hybridimon results of the immobilized probes with different 
ojjjjsUa spp- and related organisms are represented in the a!2!e9. 

These hybridization results show that probes BRU-ICG 2. BRU-ICG 3 and BRU-ICG 
4 are specific for Bnisslla spp. and can be used in a reverse hybridization assay for detection 
of these pathogens. Probe BRU-ICG I cross-hybridizes with Qshistouni mm and 
BbBohiam isa strains, which are cwo taxonomically highly related organisms, but which are 

not expected to be present in the same sample material as used for Biasslla detection. 

As described in previous examples (e.g. 3 and 4) also for Bmssik specific pnmers 

were chosen from the 16S-23S rRNA spacer region, in order to specifically ampliry the 

soacer region from SffiSSlia strains. 

BRU-P 1 and BRU-P2 are used as upper primers. whUe BRU-P3 and BRU-P4 are used 
as lower primers, ^en used in a nested PCR assay the combination BRU-PiyBRU-4 is- the 
outer primerset whereas the combination 3RU-P2/BRU.P3 is the imier primerset. 

BRU-Pl : TCGAGAATTGGAAAGAGGTC 



204 
205 



BRU-P2 : AAGAGGTCGGATTTATCCG 

206 

207 

BRU-P4 : TCTTAAAGCCGCATTATGC 



DK-U-r- . 

BRU-P3 : TTCGACTGCAAATGCTCG 
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TAXA TESTED 



BRU-ICG I 



BRU-ICG 2 



BRU-ICG 3 



BRU-ICG 4 



pnictlla ibomis 

Bmcilla suis 
Bnicslla melitensis 
Brocalla am 
Bnicgila cams 
Brocdla neototnae 
^yllobactenuin mhiacgarium 
QchrohaCTitn inttitom 

/vprobactgnmn meassss 

^ fTohaaenum rhizpgenes 
^vcoptana dimoroha 

yhgobhm Igti 
Rhizonium meliloti 
ph iT^^imn it^TTn^nosarcm 
Rrad TTfaizohium janonicnm 
^mcfaoihnx thenneschasa 
Brochothrix canfflsalS 
Bacillus cggg 
bacillus breds 
Bacillus eoalgnlans 
Bacillus BBSfliS 
Bacillus macs^ 
Bacillus iCTtns 
Pacillus fiisas 
Bacillus subfllis 
Bacillus mesannnn 
t -pterococcus &S3lis 
'p-nterococcus faeeium 
gt^temcnccus dnrans 
^pietnhaci!'"* lacds 
Laoobidlius assi 
^.aiennostoc lacds 
Escherichia coli 
Hafnia halvei 
( j^lostridium fnr^hnrmcnm 
^Qsiridium perfringens 
ri>^.|rrirfiTim ^rogenes 
(Clostridium apgfohutvricmn 
SoEhvlococcus aureus 
^almorella enteriddis 



Yersinia ?nterocoUdca 




Listeria seelieeri 



Listeria welshimeri 
Listeria innocua 
Listeria mumvi 
Listeria gravi 



+ 
+ 



+ 
+ 
+ 
+ 



N 1 = .Noc tested 
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1 ^ AMPLE <>• «;>iiphvlor ^''«^'< aureus 

Staphybcoccus aureus is the saphyloccccal species most commonly associated with 
human and animal infections. Staphylococcus aureus strains have been identified as important 
etiologic agents in both community-acquired and nosocomial infections. Recently nosocomial 
i^ecuon with methicillin-resistant S. aureus (MRSA) appear to be increasingly prevalent m 
numy countries. The strains belonging to this species are also causative agents ot food 

spoilage and poisoning. 

to order o dtoimiBB in a ^ specific «y S. mre^ sTaim torn other 
s^hylococci, use of molecular «=hm^ ba^ oa DNA prote aad/or 7CR were 
.iready de^ibed » *e liurarure. » of ^get ge.es used «r *= ^-""P-- - 
DNA ba^d assay, are *e .63 rRNA gene (De Buyser a. .992: Geha er 1994)^ 
4e .ecA gene (l^uka-a =t a... .992; Sh^oka et al.. 1994 ) and *e «^ geae (Bra^-d 
eta... 1992; Chesneauetal., 1993). ,«„<;rimA 
As a target for the developtnem of specific DNA probes we chose the 16S-23S rRNA 
gem spacer region. AmpUfication using conserved prtaers derived ftom the 16S and the 23S 
RNA genes (sciences, see e».nple 1) showed that t^ pattern ob^ was no. «nnlar . 
all S. strains tested. A lot of variation was seen in ekher the umnber of fagments 
obtained and to die size of these different ftagments. . , 

One spacer region from strain UZG 5728 and four spacer regions (difi«mg in length) 
ftom strain UZG S289 were cloned toto Bluescript SK* vector and — 
The set^ are represented to fig. « to fig. 6S ,SEQ ID NO 139 to SEQ m NO H.^ 
Por the d^elopment of specific DNA probes these different spacer '^"-^"'^^ 
„ each other and to the spacer region derived from S.apH,lccoccus strain 

CNS41 (SEQ ID NO 144). 

The following probes were chemically synthesized : 

STAU-ICG 1 : TACCAAGCA-AAACCGAOTGAATAAAGAGTr 
STA.U-ICG 2 ; CAGAAG.ATGCGGAATAACGTGAC 
STAU-ICG 3 : A.ACGA.'.GCCGTATGTGAGCAnTGAC 
STAU-ICG 4 ; GA-^CGT.AACnCATGrrAACGnTGACTTAT 
Tie olWonucleotiaes were toimobUtoi on a membrane smp and foUowtog reverse 
hvbridization with biotinyla«d PGR fragments, the hybrids were visualized using a 
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colorimetric precipitarion r e ac rio o. 

The hybridizanon results of the immobilized probes widx different S^Ayiococcay spp. 
and aon-staphylococcai organisms are represenied in J^cJSL. 

These hybridization results show that only probes STAU-ICG 3 and STAU-ICG 4 are 
specific for Staphylococcus aureus strains. Probe STAU-ICG 1 reacts with aU Staphylococcus 
spp. tested and probe STAU-ICG 2 cross-hybridizes with die S. lugdinensis strain. 
Neither probe CTAU-ICG 3 nor probe STAU-ICG 4 detects ail 5, aureus strains tested, but 
when both probes are used simultaneously in a LiPA assay, all S. aureus strains tested 
hybridize with one of diese probes or widi bodi. 
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